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TITANIUM 


COMPETITIVE NICKEL B 


Write for Technical Data Sheets on ‘‘Cost 
Cutting Ideas in Titanium” for: 

© The Pulp and Paper Industry 

* Chemical Valves, Pumps and Accessories 
* Metal Treating Applications 

Address: Commercial Market Development, 
Department C, Mallory-Sharon Metals 
Corporation, Niles, Ohio. 


For industrial applications, 
Titanium offers important savings 


Titanium prices have come tumbling down . . . to the point where 
you can actually save money by specifying and using Titanium where 
you are now using nickel base alloys. 

A 52% price reduction has already been realized in the last five 
years. And the best part of it is that Titanium prices can be expected 
to go still lower while other metals will probably increase in price. 

This will be possible because of improved melting practice and 
rolling techniques, plus increased production as more and more users 
become familiar with Titanium’s corrosion-proof characteristics, 
increased service life, and reduced downtime advantages. 

Mallory-Sharon will gladly work with you in designing Titanium 
into your products or applications and will be pleased to show your 
production men how easy it is to form, machine, weld or fabricate 
Mallory-Sharon Titanium. 


Write us, now, so that you can start at once to save with Titanium. 


MALLORY SHARON 


MALLORY-SHARON METALS CORPORATION NILES, OHIO 


t integrated producer of Titanium + Zirconium + Special Metals 
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Cover photo shows racks of bars in 
the plant of Josern T. Rverson & 
Son, Inc. For details see p, 70. 


Reduction of Warpage 
By Die Quenching of Stool, by T. BR. 71 


The trend to higher strengths has resulted in steel parts which are too hard to machine 
or bend after tempering. Thus, dies which hold the part in shape during quenching 
are being used more and more. (J26n; ST, 9-74) 


By the Thermomechanical Method, by H. N. Hill, R. S. Barker and L. A. Willey............. 73 


Cooling to subzero temperatures and reheating rapidly can introduce residual stresses 
opposite to those sareape by conventional quenching. This is the basis of a new 
method of stress-relieving aluminum parts of irregular shape. (J29a, J26q; Al, 9-74) 


By Creep Forming and Die Quenching of Nonferrous Alloys, by Joseph Soja ................. 77 


Jet planes are built with large and complex parts made from high-strength materials. 
Often, these parts are difficult to form by conventional means and special forming 
methods must be developed. (G-general, T24a; Al-b, Ti-b, 9-74) 


Engineering Articles 
The Mechanism of Thermal Fatigue, by H. S. Avery ...............00ceecceeeeceeeeeenee 67 


Metal parts exposed to fluctuating temperatures for long ‘ogee eventually deteriorate. 
Experimental work and theoretical analysis indicate the cause to be plastic flow 

t induced by expansion and contraction during heating and cooling. The effect can be 
minimized by proper design, selection of x te that combine high hot strength with 
low thermal expansion coefficients, and by favorable operating conditions. (Q7j) 


Copper-Titanium Alloys Have High Strength, by M. J. Saarivirta and Howard S. Cannon ...... 81 
Strength yeep. 200,000 psi. can be reached with a new copper alloy containing 
4.3% Ti. After solution treating, the alloy can be cold worked more than 90%. Sub- 
sequent aging develops the properties. (Q27a, 2-60, 2-64; Cu-b, Ti) 


Production of steel strip from iron powder bypasses normal production operations in 
coke ovens, blast furnaces, openhearths and blooming mills. (D8) 


TTS Diagrams for Types 304 L and 316 L Stainless, by Hilmer F. Ebling and Merrill A. Scheil.. 87 


Studies of three types of widely used stainless steels after being reheated or «ag for 
varying times at various temperatures show that their corrosion rates vary widely, and 
that true “stabilization” may be impracticable by commercial heat treatments. (R11, 
R2h; SS) 


Lithium ...the Lightest Metal, by F. B. Litton. ........ 94 
Both the pure metal and its alloys, most of which are still in the laboratory stage, 
have unusual properties which can be useful. Its addition to other metals increases 


tensile strength and refines grain size. The metal’s high reactivity makes it potentially 
a good scavenger in melts, (A-general; Li) 


New Techniques Broaden Forming Picture —I, by J. H. Jackson and H. B. Goodwin........ 97 
Several new forging methods offer much promise. Of these, the counterblow hammer, 
the “impacter”, the precision forging process, the “continuous grain flow” process and 
roll forging are discussed. (F22, 1-52) 
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HOT STRENGTH 
(Life-hours) 


CARBURIZATION RESISTANCE a 


How to use 


SILICON-CONTENT 


to lengthen the life of heat-resistant castings 


Silicon content can be used to give heat-resistant alloy castings higher 
hot strength, higher hot ductility and higher carburization resistance. 


But these property refinements are possible only within the relatively 
narrow effective range of silicon content shown on the graph. Silicon 
content lower than the effective range would result in a higher rate of 
carburization and low hot strength. Conversely, silicon content 

above the effective range, while it provides excellent carburization 
resistance, produces low hot strength and poor hot ductility. 


The effective range of silicon content varies with operating conditions, 
Electro-Alloys’ metallurgical research has defined a number of 
ranges to deal with these varying conditions. 


To insure proper silicon content and the accurate balance of all 
alloying elements, consult us at the initial stages of product development. 
Electro-Alloys Division, 1018 Taylor Street, Elyria, Ohio. 


ELECTRO-ALLOYS DIVISION «© Elyria, Ohio 
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Bigger, Better and Sounder Forgings—Part I, by Ernest E. Thum............................. 103 


In an effort to improve the efficiency of large electrical generators, sizes and stresses 
have been increased to just about the capacity of the “standard” alloy steel forgings. 
This article outlines the metallurgical work being done to remove this very real limita- 
tion. The behavior of large notched disks, tested to destruction by spinning, simulates 
actual performance. New criteria have been found for toughness and ability to prevent 
cracks from starting and propagating. (Q26s; AY, 4-51) 


New Metallographic Techniques 


Preparing Foil for Micro-Examination, by Dorothy J. Rahn ......................0..0000000. 109 


The problem was to Pm me cross sections of foil less than 1/16 in, thick for 
met, aphic study. The procedure is based on a mounting medium which cures at 
room temperature and on careful control of polishing. (M20; 4-56) 


Mounting Thin Tungsten Wire and Sheet, by U. E. Wolff and L. B. Fradette .................. 1 


Fusing tungsten wire in glass prior to mounting improves the flatness of transverse 
and longitudinal samples for metallographic study. (M20; W, 4-53, 4-61) 
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Data Sheet 


Short Runs 
Repairing Steel Castings by Submerged Arc Welding ........... 113 


Digest of the Month 

Advances in Fabrication Techniques Revealed at Southern Metals Conference ................ 128 
Ultrasonic, electron beam and plasma jet welding were among the newer methods 
discussed by one speaker; another told how to fabricate tungsten sheet of large 


dimensions; a third dealt with one of the most common problems in the foundry— 
namely, control of porosity. 
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Heating Costs 


AAS /U LAX ) 


Engineers at Thompson Products Inc.’s Michigan 
Division recently changed from gas-fired furnaces 
to fully automatic TOCCO. Application: heating 
for forging of automotive tie rods. Result: a sub- 
stantial reduction in direct labor costs, saving 
thousands of dollars a year on this heating for 
forging operation. Annual savings actually amor- 
tize the cost of the TOCCO installation in about 


Mail Coupon Today— NEW FREE Bulletin 

: The automotive tie rod shown here is only one The Ohio Crankshaft Co. + Dept. R-8, Cleveland 5, Ohio 
of over 500 parts heated for forging in | Please send copy of "Typical Results of TOCCO Induction Heating | 

Thompson's new, modern forge plant. Every one |_‘for Forging and Forming”. | 

of these parts is heated with TOCCO equipment. Name 

If your manufacturing operations require heat- | Position | 

ing for forging, heat treating, brazing, soldering Company 

or melting, it will pay you to investigate TOCCO | Address 

as a sound method of increasing production and | City Zone State | 


lowering costs. 
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Ew novte 10 Evrorr, vacationing Editor-in-Chief Thum 
sends us the following notes: 

Sun-Lane News, the tabloid daily published on S.S. “Independ- 
ence”, Voyage 120—Eastbound No. 2, noted that Ray McBrian, chief 
of research for the Denver and Rio Grande Western Railroad (and 
it also might have mentioned, a long-time member of A.S.M.), 
believes that if soft pine railroad ties can be impregnated with 
formaldehyde and heavily irradiated by atomic reactor wastes they 
will acquire the strength and durability of oak. Also the last issue of 
Newsweek, read at home before leaving, had another item about 
Ray. This one was to the effect that soft coal, heavily irradiated, 
could be ground so fine it would become fluidized and could 
be substituted in whole or part for fuel oil. No telling what those 
ingenious metallurgists will come up with next! 

A ten-day voyage to Italy gives one time to catch up on his reading 
— specifically a paper on meteorites which Herbert H. Uhlig, @, 
professor at Massachusetts Institute of Technology, presented to a 
meeting of the American Assoc. for the Advancement of Science 
in December 1953. (Gosh, I am behind in my reading!) Meteorites, 
as is well known, are iron-nickel alloys and they often contain pri- 
mary crystals a foot across, indicating that they took a long, long 
time to solidify and homogenize. Also there should have been plenty 
of time for equilibrium to be established on further cooling, where- 
upon the high-nickel gamma (taenite) should reject some low-nickel 
alpha (kamacite). In fact it does; the beautiful crisscross markings 
on a sectioned and polished meteorite are kamacite plates enclosing 
octahedral pieces of plessite 
(transformed taenite). The 
phases in this structure are 
analogous to those in coarse- 
grained steel —taenite corres- 
ponds to austenite, kamacite to 
primary ferrite, and the plessite 
corresponding to fine pearlite, 
bainite, or martensite. 

One mystery, however, is 
that the composition of these 
phases in actual meteors does 
not correspond to the bound- 
aries in the iron-nickel binary 
diagram. Professor Uhlig ex- 
plains this by saying that these 
meteorites stayed for eons deep down in a heavenly body the size 
of a planet where gravitational pressure is on the order of 3,500,000 
psi., sufficient to lower the phase boundaries some 400° F. and 
move them to lower nickel content. When the lines of the dia- 
gram are so adjusted, that alpha and gamma boundaries are at 
about 6 and 13% Ni (the actual limits found in meteorites ). 

Furthermore, the time required for kamacite plates of measured 
dimensions to grow can be computed from the self-diffusion rate 
of nickel at the assumed temperatures; it comes out to be around 
three billion years, the estimated age of our solar system! Of course 
all this says is that the meteorite was a piece of an enormously big 


Solid Iron Meteorite Displayed in 
the Hayden Planetarium in New 
York. (Courtesy General Electric Co.) 


reports Homer Hueffed, Metallurgist, 
The Leece-Neville Co., Cleveland 3, 
Ohio. 


Modern cars and trucks demand more 
electricity and the AC-DC Leece- 
Neville Alternator, which is no larger 
than the generator, produces 80 amps, 
at 14 miles per hour, compared to 20 
amps by the generator alone. Ferro- 
therm atmosphere heat treating of 
parts of the instrument increase elec- 
trical efficiency and output. 


This case history, and many others, ap- 
— in Ferrotherm’s now 4-page News- 
etter. Send for your copy today. 


Fis”) 
* They are willing and able to help ° 
« you on your atmosphere Heat. 
Treating Problems. They invite 
$ your inquiries on the following * 


services: 


Atmospheres: Hydrogen—Ammogas— 
Exothermic — Endothermic -- Argon 
—Helium—Air 


Production Furnace Brazing and An- 
nealing — Bright Hardening — Cycle 
Annealing—Stress Relieving—Solution 
Heat Treating—Precipitation Harden- 
ing—Sintering—Normalizing 


Brazing and Heat Treating for Air- 
craft, Missile and Reactor Components. 


for 
‘ Heat Treating 
the 
| rrotherm 
sales 
Engineers 
perotherm 
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MICRO-OPTICAL PYROMETER 


Versatile PYRO Micro-Optical pre- 
cisely measures targets as small as 
001” in diameter or objects at re- 
mote distances to 2°C reproduci- 
bility! Temperature scales 700° 
3200°C (1300 - 5800°F). 


Send for FREE catalog No. 95. 


and 


the universal 


PYRO 


SURFACE 
PYROMETER 


Quick-acting, pre- 
cise, with easy-to- 
read 43%4” dial. 
Single and double 
ranges — 0°-300° F 
to 0°-1500°F for 
surface and sub- 
surface tempera- 
tures. Also sub- 
zero and special 
ranges. 


Send for FREE catalog No. 168. 


PYR 0 
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Press Breaks . 


and fairly hot body for 3 billion years; it gives no hint of where it 
came from originally. 

Even though the gross structure of a meteorite indicates very 
slow cooling, the transformation products of the garama solid solu- 
tion (plessite) indicate rapid cooling. It was as though the gravita- 
tional pressure were suddenly released; the original heavenly body 
may have collided with another or exploded. This also explains 
the Neumann bands or shock wave effects which characterize a 
meteorite’s microstructure. 

Note that these conclusions by Professor Uhlig, relating to his own 
researches and analyzing a half-century of study by metallographers, 
were published six years ago. Just six months ago, three atomic 
scientists — Hess of America, Geiss of Switzerland and Begemann 
of Germany — announced the results of their studies of the 1948 
shower of meteorites. By measuring the relative amounts of K*° 
and A*® and knowing the rates of decay of K*® and A*®, they esti- 
mated that the age of the meteorites was about 4 billion years — 
again, the life of our solar system, give or take a billion years. After 
the break-up of the large mass, the smaller fragments would show 
the effect of cosmic ray bombardment, and this was measured by the 
H*+He* decay. The explosion or collision occurred 250,000,000 
years ago. 


While in the South attending the Southern Metals Conference 
(see this column, July issue), Editor Gray also had the pleasant task 
of spending a day at the Savannah River Plant in Aiken, S.C. (just 
across the Savannah River from Augusta), which is operated for the 
U.S. Atomic Energy Commission by the Du Pont Co. This visit was 
in behalf of the A.E.C.’s Advisory Committee on Industrial Informa- 
tion. The Editor was duly impressed with the increasingly important 
role which metallurgy and advanced metalworking techniques are 
playing in our atomic program. Phil Permar, metallurgical engineer 
at the plant and an active ASM’er, had arranged a very informative 
briefing session and tour of the facilities. (This was especially inter- 
esting to the Editor because he had worked on processes associated 
with this plant in 1951-52 at the Knolls Atomic Power Laboratory 
in Schenectady, N.Y.) 


Managing Editor Marjorie Hyslop was one of the eighty-some 
“fascinated editors” (to quote Time magazine) who listened to Presi- 
dent Eisenhower deliver a homey, off-the-cuff exposition of some of 
his views on the American economy. The occasion was a meeting 
of the Society of Business Magazine Editors in Washington early in 
June. The President's vigor, charm and personality made a startling 
impression on those of us whose only contact with him is through 
the distortions of a TV screen. 

Earlier in the day the editors’ program included a workshop ses- 
sion on layout, conducted by the well-known magazine artist George 
Samerjan. His points were vividly emphasized by examples and 
critiques of many of the magazines represented at the meeting, in- 
cluding Metal Progress. He characterized the cover of the April 
issue (our artist's conception of a powder metal press) as “daring, 
fresh and different”, and commended our judicious use of color in 
the editorial pages. On the debit side we did receive some hints 


for — shall we say minor — improvement. — 
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CURVING 
ATTACHMENTS 
YODER 


COLD ROLL-FORMING 
EQUIPMENT 


for profitable mass production 


High speed, YODER Cold Roll-Formi 
machines are the most economical met 

for mass producing structural or orna- 
mental shapes. One machine with one 
operator can form up to 40,000 feet of 
shapes per day. Even on a part-time basis, 
a YODER Cold Roll-Forming machine 
can prove to be a profitable investment. 


YODER flexibility works for you too, 
curving, coiling, ring forming, multiple 
roll-forming and embossing—on a wide 
variety of metals—can be incorporated 
into your production line. Practical, 
YODER-engineered design minimizes 
maintenance and downtime... assures 
uniformity, accuracy and reliability of 
your end product. 

In addition to Roll-Forming machinery, 
YODER also makes a full line of Rotary 
Slitting equipment, Pipe and Tube mills. 
Send for the fully descriptive Cold 
Roll-Forming Book. 


THE YODER COMPANY 


5595 Walworth Ave. « Cleveland 2, Ohio 
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Stainless steel expansion joints 
for penstocks 24 feet in diameter 
are no easy job for the fabricator. 


It is a problem of fixturing, 
metallurgy and welding. 


Alert Steel Products Company 
took the job and 
were successful on the first try. 


Before beginning to tool up, 

Mr. Jules Davis, Alert’s President, 
called in the man 

who specializes in welding problems— 
the Lincoln Welding Engineer. 


The Lincoln man, Tom Farris, 
suggested submerged arc welding 
with a “Mechanized Squirt” 

18/8 wire and a special flux 

for welding stainless—ST-100. 
Then, Mr. Farris and Mr. Ed Klein, 
Alert’s Chief Engineer, 

planned the fixturing to give 

rigid support while welding. 


fabricated stainless 


by Submerged Arc Welding 


Result: On the first try 

the 10,000-pound ring 

(one-half of one joint) 

was welded in eight separate pieces, 
to give a total tolerance 

of 1/16-inch upon assembly. 

Tests found the weld structure perfect 
and analysis as predicted. 


If you have tough welding problems, 
call your Lincoln Welding Engineer, today! 


Aly, 
THE LINCOLN ELECTRIC COMPANY: Dept. 1301 cleveland 17, ohio 
The World’s Largest Manufacturer of Arc Welding Equipment 
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HINCOLN 


Lewis Walker, president of Talon, 
Inc., left, discusses Shu-Lok with 
David Rae, general manager of the 
Shu-Lok Fastener Division. 
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**We must have the best steel’’—says Carl M. 
Joslyn, plant manager of Shu-Lok Fastener 
Division, shown above with David Dibbell, 
Shu-Lok sales manager. 


| Sharon supplies prime stainless 
2 for Talon’s remarkable Shu-Lok 


“The greatest thing that’s happened to shoes since we 
killed the high button’’, say shoemakers. “A godsend” — 
agree mothers of little boys everywhere. Businessmen and 
athletes, too, are outspoken when describing the remark- 
able new Shu-Lok developed by Talon, Inc. 


The Shu-Lok is an ingenious metal slide that “laces” 
shoes to the wearer’s desired tightness instantly by simply 
pressing a small lever to the instep. Like all Talon crea- 
tions the Shu-Lok is a highly perfected top quality product 
designed and built to provide years of service. 

; To make doubly sure it would do the job, Talon’s 

es engineering and production people decided to fabricate 
Shu-Lok of stainless steel. To make certain of the finest 
stainless, they came to a leading stainless producer, Sharon 
Steel Corporation, Sharon, Pa. 


“Supplier reliability is important’ —F. V. 
Hanaway, manager of purchases, Talon, 
Inc. Here Mr. Hanaway, center, talks steel 
with Sharon salesman Gordon Garrett and 
Talon steel buyer Carl Parson. 


PHOTOS BY KARSH OF OTTAWA 


“Steel quality dictates design’’—Thane E. 
Hawkins, chief engineer, Shu-Lok Fastener 
Division. 
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REPUBLIC TITANIUM is used in dozens of 
structural components and details in the 
Martin P6M SeaMaster, including engine 
nacelle center beams such as the one 
illustrated. Commercially pure titanium and 
itani alloys supplied by Republic in- 
crease strength and heat resistance, reduce 
weight. Republic Titanium Alloys are among 


REPUBLIC'S NEW, TYPE HS6460 METAL POWDER is idea! for sinterings 
of highly stressed components in aircraft and missiles. Provides 
minimum tensile strength of 60,000 psi at 6.4 density as sintered .. . 
100,000 psi after heat treatment. Less than .004% shrinkage from 
die size at 6.4 density. Available in quantities up to and including 
12 tons or multiples. Can be used with existing operating equipment. 
Mail coupon for technical data sheet. 


the strongest produced, offer exceptionally 
high strength values at elevated tem- 
peratures. 


REPUBLIC ENDURO” STAINLESS STEELS—types 301 and 302—cre 
currently being used by Solar Aircraft Company in the fabrication 
of complete engine nacelles for Navy P2V patrol bombers. Stainless 
construction offers greater strength, permits use of lighter gages, 
increases corrosion and high temperature resistance. All types are 
readily formed into desired shapes by the usual commercial methods. 
Send coupon for complete informati 


REPUBLIC 


ia World’s Largest Producer of Missile Metals—Titanium, 
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TYPE 4130 ALLOY STEEL 
FINS FOR THE SIDEWINDER 


Close-tolerance, delicately contoured fins for the Sidewinder air- 
to-air missile are currently being produced from Republic Type 
4130 Alloy Steel by the Storms Drop Forging Company, Spring- 
field, Massachusetts. Choice of this high-strength alloy, according 
to Storms, was dictated by extreme performance requirements. 


Republic 4130 offers exceptionally high strength-to-weight 
ratios with the highest strength values. As seen at right, tensile 
strength in the heat-treated condition is over 230,000 psi after 
tempering at 400°F., with a Brinell Hardness of 460. Uniform 
response to heat treatment assures complete deep-hardening 
penetration. 


The Storms Drop Forging Company reports no production 
difficulties involved in the use of Republic 4130. Fins are produced 
from hot-rolled 1%" diameter 4130 bars in successive forging, 
hot trimming, grinding, wet tumbling, and coining operations. 


BRINELL HARONESS 


Republic has pioneered in the development and production of 
new metals to resist heat, reduce weight, or increase strength. 
With constantly expanding research as well as production facili- 
ties and capabilities, Republic stands as the nation’s largest 
producer of high-performance metals—titanium, stainless, and 
alloy steels. 


Let us help you find the most advantageous use of these metals in 
your project. Return the coupon for complete information without 
obligation. Please indicate if you would like a Republic Metal- 
lurgical Specialist to call. 


600°F 800°F 1000" 1200 


TYPE 4130 


| REPUBLIC STEEL CORPORATION 
| DEPT. MP-7817 
| 1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO ; 
| Have a metallurgist call: Send more information on: | 
1 GAlioy Steel D Alloy Steel 
O HS6460 Metal Powder Metal Powder | 
| 0 Stainless Steel D Stainless Steel | 
O Titanium O Titanium 
| Name Title = 
Stainless Steel, and Alloy Steel | Address 7 
City Zone State 
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THE BUEHLER line of 
specimen preparation 
equipment includes — 


CUT-OFF MACHINES SPEC- 
IMEN MOUNT PRESSES ¢ 
POWER GRINDERS ¢ EMERY 
PAPER GRINDERS * HAND 
GRINDERS ¢ BELT SURFACERS 
® POLISHERS ¢ POLISHING 
CLOTHS AND ABRASIVES 


Low speed polishing is increasingly popular for the final step, particularly 
where soft non-ferrous metals are encountered. The production of smooth 
polished samples with a minimum of surface scratches and disturbed metal 
is the outstanding feature of this low speed Buehler Polisher No. 1505-2. 
Built to operate at selective speeds of 150 r.p.m. and 250 r.p.m. through a 
positive gear head drive housed in an oiltight base, this polisher represents 
the highest development in equipment for precision finishing of specimens. 
This polisher is also perfectly suited to the wax lap or lead lap polishing 
technique preferred by many metallurgists. 


The 8” diameter polishing disc is attached to a countershaft by a tapered 
sleeve. This tapered fit and long span between bearings assures smooth 
operation. The motor is % h.p. single phase ball bearing, operating on 
110 V., 60 Cycle AC current. Shipping weight, 80 Ibs. 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A, 
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The Ultimate Test 


The ultimate test of quality in stainless steel bars 
takes place in screw machine production, 
where every bar is literally cut to pieces. 


The Perry-Fay Company, Elyria, Ohio, a leader in 
screw machine production, has been subjecting 
J&L bars to this demanding production-line test for 
more than a year, without a single failure, without 


a single reject. Perry-Fay reports: “We consistently get 
superior surface finish, closer tolerances, fully formed 
rolled threads with J&L stainless bars.” 


Whether you need stainless steel bar stock for 
high-speed, high-production operations, or a 

single bar for extraordinary requirements, turn to J&L. 
J&L leads the industry in melt shop standards for 
stainless steel, the point where quality starts—and 
new production profits begin. 


YK Plants and Service Centers: 


Los Angeles + Kenilworth (N. J.) + Youngstown « Louisville (Ohio) + indianapolis + Detroit 


Careful attention to every production detail is the key to J&L quality. 


STAINLESS 


SHEET + STRIP BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 34 
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All forms for better high-temperature alloys 


Custom-made Sylvania Tungsten and 
Molybdenum pellets, powder, ingots and 
electrodes are helping leading metals pro- 
ducers meet and beat today’s tough re- 
quirements for high-temperature alloys. 
Their precise composition and unmatched 
purity permit the most exacting specifica- 
tions to be met easily and quickly. 

Here are some of the important ways 
Sylvania Tungsten and Molybdenum are 
being used in the development of new and 
better high-temperature metals: 


SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


POWDER FOR CARBIDE MANUFACTURE 
POWDER FOR SLIP CASTING 

PELLETS FOR VACUUM MELTING 
ELECTRODES FOR ARC CASTINGS 
INGOTS FOR FORGING 


If any of these forms offer the right 
solution to your problem, Sylvania can 
supply the exact purity and composition 
you need. Contact your Sylvania repre- 
sentative, or the Chemical & Metallurgi- 
cal Div. in Towanda, Pa. We will be glad 
to discuss your high-temperature metal 
needs with you. 


SytvaniA ELeEctrric Propucts INc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 
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Big Paul digs and dumps 
105 tons in 50 seconds! 


and TRI-TEN Steels 
cut dead weight—boost strength 


Even from a 100-foot-high perch, the mam- 
moth size of the bucket of Big Paul, the King 
of Spades, is hard to comprehend. 


There are three of these 70-yard giants— 
all built by Marion Power Shovel Company. 
All achieve strength and toughness with least 
weight by the use of USS ““T-1"" Construc- 
tional Alloy Steel and USS Tri-Ten High- 
Strength Low-Alloy Steel. 


Big Paul sets the pace at the Peabody Coal 
Company’s River King mine near Freeburg, 
Illinois. It rams through rock and shale to 
uncover some two million tons of coal per 
year. 


Since 1950, the art of big shovel making 
has increased dipper size from 35 to 45, 55, 
60, and now 70 cubic yards per bite. Most 
of the buckets and dipper sticks of these 
giant shovels are made of USS ““T-1”" Steel, 
for otherwise, it would be almost impossible 
to make them light enough and tough enough. 
They hold up in this service, taking terrific 
impact abrasion and shock loading, even in 
the dead of winter. This is possible because 
USS “‘T-1” Steel retains its toughness at 
temperatures far below zero. 


Dipper Size Increased 25% 


USS “*T-1”" Steel has often enabled a boost 
in the capacity of original equipment without 
increasing weight. For example, a 20-yard 
bucket was replaced with a 24-yard ““T-1" 
Steel job. Other dippers were boosted from 
26 yards to 32, and 36 yards to 45— increases 
of 25%. 

Many other parts—dipper stick, bail han- 
dles and crowd rack—are built stronger and 
lighter with this 90,000 psi minimum yield 
strength constructional alloy steel. (USS 
“T-1"" Steel plates up to 2% inches thick 
inclusive are now available with a minimum 
yield strength of 100,000 psi.) 


The booms and A-frames of most shovels 
over 45 yards are designed with high- 
strength low-alloy steels with 50,000 mini- 
mum yield point . . . usually USS Tri-TEen 
Steel. 

Perhaps you need a steel that offers higher 
yield strength, extraordinary toughness and 
resistance to impact abrasion, combined with 
relative ease of fabrication. USS ““T-1"’ Steel 
is your answer, and we'll gladly help you 
adapt it to your application. For free booklet, 
write United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania 

USS, “T-1" and TRI-TEN are registered trademarks 


70-yard dipper and handle, crowd rack, bail and sheave blocks — 
all built stronger and lighter with USS “T-1"" Steel 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & Iron - Fairfield, Alabama 
United States Stee! Supply - Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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Navy 
goes fission 
again 


On this vertical boring mill at U. S. Steel’s 
Homestead Plant, you see a forged steel flange 
that will serve aboard one of the Navy’s new 
guided missile frigates. These are an entirely 
new class of naval vessel—their primary mis- 
sion is the destruction of air targets and they 
are nuclear-powered. 

The flange will be welded to other forged 
steel parts to form a sealed nuclear reactor 
vessel. Only a forging of the very best quality 
is suitable for this critical service. To obtain 
this quality, vacuum-cast electric furnace steel 
was used. The flange was carefully forged from 
a Ni-Cr-Mo alloy ingot about 72” in diameter 
and was heat treated to meet rigid specification 
requirements. Mechanical tests as well as mag- 
netic particle and sonic inspection methods 
were utilized to assure a quality product. As 
shipped, the flange weighed over 211% tons. 

Many nuclear forgings like this one are made 
by U. S. Steel because here, the complete pro- 
duction is supervised and controlled by a team 
of forging experts. They melt the steel, pour 
the ingot, forge, heat treat and machine it. The 
very same team of USS Forging experts who 
made this flange will fill your order. We wel- 
come your inquiries or requests for our free 
8-page booklet about USS Nuclear Forgings. 
Write to United States Steel, 525 William 
Penn Place, Room 6031, Pittsburgh 30, Pa. 


USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 

Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 
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Slow-cooling pits cost less to build 
with refractory concrete made with 
Atlas Lumnite Cement 


Vanadium-Alloys Steel Company, Latrobe, Pennsylvania, saved time and money by 
: constructing slow-cooling pits with refractory concrete made with Lumnite calcium- 
aluminate cement. Using plant labor, 24 refractory concrete pits were formed in 
record time. With re-usable wood forms, material costs were greatly reduced. And 
procedures and equipment typical of any standard concrete construction work 
helped speed the job. The result was a smooth, jointless concrete pit that will resist = 
thermal shock and wear and tear of charging and unloading hot alloy ingots. 
For added convenience and economy in refractory concrete construction, castables 
made with Lumnite cement are available. These are packaged mixtures, ready for use. 
Simply add water, mix and place. Made by leading manufacturers of refractories. For ; 
more information, write Universal Atlas, 100 Park Avenue, New York 17, N. Y. 


"USS," “Atias” and "Lumnite" are registered trademarks 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany * Birmingham * Boston - Chicago - Dayton - Kansas City - Milwaukee - Minneapolis - New York - Philadelphia - Pittsburgh «St. Louis - Waco 


L-180 


| 
— 


AUGUST 1959 


Building better dies is getting an important boost 
these days from the use of Uddeholm solid tool steel 
shapes. Die makers have found important advan- 
tages in the fact that these special shapes are solid 
tool steel throughout. As a result, any part of the shape 
can be used as a working surface. And their greater 
inherent strength eliminates any of the breathing 
action often occurring in composite sections. To get 
this strength you no longer have to machine a needed 
shape from a rectangular bar. Uddeholm can deliver 
it to you in a Swedish quality tool steel—saving both 
labor and machining time, and reducing scrap 
losses. Uddeholm special shapes are also large enough 


UDDEHOLM Solid Tool Steel Shapes 
Help Build Better Dies 


Write For Tool Stee! Stock List No. 13 


to be incorporated directly into the design of 
massive blanking and forming dies, or used for 
corner dies and power shear blades. 


Shapes “‘H” and “J” above are 34%" wide by 25%" 
high. Both are stocked in water hardening (SAE W1) 
analysis, while shape “H” is also stocked in oil 
hardening (SAE 01) analysis. Supplied in 10 to 12 
ft. random lengths, they provide great flexibility in 
making die sections to a wide variety of forms 
and lengths. Uddeholm’s Swedish mills have rolls 
for all these shapes—and the production facilities 
to offer their usual prompt and efficient service. 


UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N.Y. «© MUrray Hill 7-4575 


BRANCH OFFICES & WAREHOUSES: Long isiand City, W.Y.: 22-14 37th Ave, MUrray Hill 7-4575 Cleveland: 4540 East 71 Street, Diamond 1-1110 


Les Angeles: 5037 Telegraph Road, ANgelus 2-5121 DISTRICT REPRESENTATIVES: Chicage: Frank J. Mackin, Leroy £. Marshall, 55 East Washington, STate 2-1649 


TOOL AND DIE STEELS Detroit: Warren H. Nugent, 17304 Lahser Road, KEnwood 5-6340 Philadelphia: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 
COLD ROLLED SPRING Pittsburgh: Lohmeyer Steel Co., 345 Mount Lebanon Bivd., LOcust 3-0122 


STEELS TOOL STEEL WAREHOUSE DISTRIBUTORS: Rockford, Ili.: Rockford Industrial Stee! Service, 2229 Twenty-Third Ave. WOodland 3-5463 
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two typical cases where MUELLER BRASS 


determined the best and most 


THE MAN FROM 
MUELLER BRASS CO. 


can give you sound, unbiesed advice on the one 
best method of making your parts because Mueller FORGINGS 
Brass Co. is the only fabricator in the country 
offering all these methods of producti An ex- 
perienced “Methods Analysis Department" has at 
its command a complete knowledge of the advan- 
tages and limitations of each production process. 
This unique technical service is your assurance of 


getting the best product at the best price . . . made PLASTIC INJECTION 
the one best way. MOLDING 


MUELLER BRASS CO. 
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CO. METHODS ANALYSIS SERVICE 
economical method of producing parts 


SAND CASTINGS 


POWDERED METAL PARTS 


Write today for 
covering all these prod 


PORT HURON 28 MICHIGAN 
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Write your own ticket 
for Honeywell 
thermocouple wire 


Choose from over 100 variations of insulated thermocouple wire 
and thermocouple extension wire. Honeywell can supply it from 
stock, with insulation in any of the conventional combinations of 
asbestos, glass, polyvinyl, Teflon and others. Should your applica- 
tion require other than conventional insulation, Honeywell can 
custom-make what you need, quickly and economically. 


Call your local Honeywell field engineer . . . he’s as near as your ' 
phone. Or write for Buyer’s Guide C100-8. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


Honeywell 
Conceal 
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psten linings 


MELTING 
POINT: 
617 O'F. 


Tungsten-lined lightweight nozzles for solid pro- 
pellant engines are now being fabricated by 
General Electric. With a lining melting point of 
6170°F, these are among the highest temperature 
lightweight fixed and flexible nozzles in use in the 
missile industry, enduring high rocket propellant 
temperatures and pressures with no measurable 
erosion. 

These nozzles are produced by an arc-spraying 
process pioneered by General Electric. Tungsten 
is vaporized in an arc and deposited on a mandrel. 
For some applications, the liner is molded in light- 
weight plastic, and the mandrel leached out. 
Arc-sprayed nozzles have been hot-fired with 
the new high temperature propellants at several 
locations. 

G.E.’s capabilities in metallurgy and manu- 
facturing are combined with equally advanced 
capabilities in engineering, research and develop- 
ment. Integrated advanced rocket engine ca- 
pabilities at General Electric can meet your needs 
for high performance solid propellant engine 
cases, nozzles and liquid engine components using 
cryogenic and storeable propellants. 


Progress /s Our Most Important Product 
GENERAL ELECTRIC 


Section P182-2 

Rocket Engine Section 

Flight Propulsion Laboratory De- 
partment 

General Electric Company 

Cincinnati 15, Ohio 


Please send me additional infor- 
mation about General Electric 
solid propellant cases and nozzles 
(GED-3763). 

| would like to discuss G-E rocket 
engine products with a sales 
representative. () 


The Flight Propulsion Labora- 
tory Department's Rocket En- 
gine Section is the nucleus of 
General Electric progress in 
rocket engines and their com- 
ponents. It is well-equipped; 
and it uses Company-wide 
capabilities and experience to 
speed advances. If you would 
like more information about 
the section's products and co- 
pabilities in solid or liquid 


propulsion systems, please 
mail this coupon. Rocket Compeny ae 
Engine Section, General Elec- Address 

tric Co., Cincinnati 15, Ohio. City.......... State 
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SAL SCREW POWER TESTING MACHINES 


High temperature 


creep and relaxation 


TESTING MACHINES 


complete from 


RIEHLE’ 


New High Temperature Extensometer 


Riehle extensometers are available in 28 different 
models to accommodate various specimens and temper- 
atures up to 3500°F, Measuring ranges are from 0.1” 
to 0.5” and magnification ratios are from 20 to 1250, 
depending upon the type of recorder used. 


Riehle Model MCR-20 
Creep Testing Machine 


Using only 33-1/3 lbs. of weights, this Riehle Model MCR-20 fea- 
tures a multiple lever loading system to provide testing loads in in- 
crements of 1,000 Ibs. A sliding poise and beam graduated in units 
of 10 lbs. provides intermediate loads. 


Riehle creep and relaxation testing machines are available in high 
temperature ranges of 1850°, 2200°, 3000° and 3500°F., and in 
capacities up to 450,000 Ibs., as specially instrumented universal 
testing machine. 


For saving time on vital projects, rely on Riehle. Contact this one 
Battery Instal- source for ready-to-operate systems that include: (1) Basic Testing 
lation of Riehle Machine, (2) Strain Measuring Instrumentation and (3) Complete 


Veullag Machines High Temperature Accessories. Address DEPT. MP-859. 


CREEP AND STRESS RUPTURE TESTING | 4 Ri eh cam MACHINES 


MACHINES HYDRAULIC FATIGUE 
TESTING MACHINES « HYDRAULIC UNI- 
VERSAL TESTING MACHINES ¢ UNIVER- 
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One test is worth a thousand expert opinions 


Induction Holding Furnace 
A new 30,000-lb. aluminum induc- 
tion holding furnace has been an- 
nounced by the Melting Furnace Div., 
Lindberg Engineering Co. It has a 


three-section cover that is hydrau- 
lically operated. Chamber lining is 
of monolithic construction and is non- 
wettable to aluminum. Tilting mech- 
anism has positive fingertip control. 
Pouring lip is located in the axis of 
tilting providing a constant pouring 
are regardless of the furnace tilt. 
The furnace is 17 ft., 6 in. long by 15 
ft. wide by 10 ft. high and weighs 
75,000 Ib. 


For further information circle No. 250 
on literature request card, page 48-D. 


Oxygen Analysis 

The Hays Corp. has announced a 
new analyzer specifically developed 
for measurement of low concentra- 
tions of oxygen. It is available in 
three different ranges: 0 to 1%, 0 to 
2%, 0 to 3%. The analyzer is not 
affected by hydrogen concentrations 
up to 50%, is sensitive to changes of 
as little as 0.01% in oxygen content 
and is accurate to +2% of range. 
The hydrogen insensitivity makes the 
unit applicable for oxygen measure- 
ment in inert gas atmospheres and 
other high hydrocarbon mixtures. 
The Model 632 utilizes the concept that 
oxygen and a few other relatively 
uncommon gases are paramagnetic. 
The analyzer incorporates a basic 
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Wheatstone bridge resistance circuit 
within a recorder to provide a con- 
tinuous record of oxygen content by 
measuring variations in the paramag- 
netic properties of the sample gas. 

For further information circle No. 251 
on literature request card, page 48-D. 


Colored Finish 


Conversion Chemical Corp. has an- 
nounced a colored finish for some non- 
ferrous metals for identification, sales 
appeal and corrosion resistance. Colors 
range from pastels to dark shades and 
black depending on the metal being 
processed and the type of chromate 
film chosen. Zinc, zine die castings, 
cadmium, brass, copper, aluminum and 
silver may be treated by this process 
although best results are with zinc. 
For further information circle No. 252 
on literature request card, page 48-D. 


Continuous Casting 

New high-production semicontinuous 
casting equipment for extrusion of 
copper billets at Halstead Metal Prod- 
ucts, Inc., has been announced by Lo- 
beck Casting Processes. The new cast- 
ing installation consists of two semi- 


continuous casting machines mounted 
in tandem and fed with liquid metal 
from an electric are furnace. De- 
signed to turn out extrusion billets of 
phosphorus deoxidized copper at a rate 
of up to 6 tons per hour, the two 
machines each produce two 7-in. diam. 
by 12 ft. long billets. 

For further information circle No. 253 
on literature request card, page 48-D. 


Contact Alloy 


Bridgeport Brass Co. has announced 
a special bronze alloy for use in elec- 


trical contacts. Contact bronze is 
similar to phosphor bronze in per- 
formance, yet costs up to 25% less. 
Strips of this alloy can be formed 
without sacrifice of spring properties. 
Contact bronze contains 89% Cu, 
8.95% Zn, 1.90% Sn and 0.15% P. 
The phosphorus helps impart spring 
properties to hard rolled tempers. 

For further information cirele No. 254 
on literature request card, page 48-D. 


Cold Treatment 

Cincinnati Sub Zero Products has 
announced the development of a new 
very low temperature line of refriger- 


ation equipment. The model pictured 
operates to —120°F. The over-all di- 
mensions of the cabinet are 92 in, high 
by 58 in. wide by 94 in. long. Only 38 
in. of the height is above floor level, 
the balance of the chamber being re- 


cessed into a foundation pit. Auto- 
matic operation of dual lids is pro- 
vided by airlift cylinders. The 
refrigeration system is powered by 3 
and 5 hp. accessible hermetic motor 
compressors. The chamber is de- 
signed for use with convection fluid 
to facilitate chilling of large parts. 
Thermal capacity provides for cool- 
ing 500 lb. of steel every 8 hr. from 
+70 to —120° F. 

For further information circle No. 255 
on literature request card, page 48-D. 


Beryllium Wire 

The Brush Beryllium Co. has an- 
nounced the successful drawing of 
pure beryllium wire under laboratory 
conditions. Using standard wire 
drawing equipment and specially 
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Cutting back the Thermal Thicket 


Solving high-temperature problems through 
research is part of Haynes Stellite’s complete 
metallurgical services. This metallograph is 
used to observe metals at 2200 deg. F. 


The great strength and high scaling resistance of HAYNES 
alloys at temperatures of 2000+ deg. F. are providing 
long service life in the hottest areas of jet engines. Flame 
holders, flame steps and afterburners are some of 
the hot spots where the properties of HayNEs high-temperature 
alloys are helping combat burnout, erosion, and stress 
in the jet, ramjet, missile, and rocket fields. 

There are twelve HayNEs high-temperature alloys to 
choose from, formulated to handle virtually any heat condition. 
Among them: HasTELLoy alloy X with remarkable resistance 
to oxidation up to 2200 deg. F. Haynes alloy No. 25 that 
resists stresses, oxidation, and carburization up to 2000 deg. F. 
And HasTELtoy alloy R-235, outstanding in the 1500 to 
1750 deg. F. range. All are readily available. 


HAWES 


HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


“Haynes,” “Hastelloy,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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designed preheat furnace, 0.090- 
in. wire has been successfully drawn 
from 0.250-in. rod. The ultimate ob- 
jectives of this project are to produce 
wire of good mechanical properties 
and to develop further basic informa- 
tion on the working and heat treat- 
ment of beryllium. The most criti- 
cal variables in beryllium wire draw- 
ing appear to be drawing temperature, 
die design, crystallography, and the 
use of proper starting material. 

For further information circle No. 256 
on literature request card, page 48-D. 


Heat Treat Basket 

A new heat treat basket weighing 
less than 5 lb. per square foot of sur- 
face and featuring a _ looped-wire 


crossrod construction has been an- 
nounced by Bix Co. It was designed 
for a high strength to weight ratio 
and has considerable open area. 

For further information circle No. 257 
on literature request card, page 48-D. 


Specimen Grinding Fixture 

William J. Hacker & Co. has 
announced metallographic specimen 
holders which accommodate up to six 
specimens simultaneously. By means 
of adapters, specimens of different 


diameter can be processed at the 
same time. The specimens processed 
are inserted in the holder without 
clamping and can be removed during 
the work. To assure that the relative 
movement of both the disk and the 
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specimens is always correct, a liquid 
brake has been introduced to retard 
the movement created by the friction 
between the disk and the specimens. 


For further information circle No. 258 
on literature request card, page 48-D. 


Spectrometer 

Baird-Atomic, Inc., has announced 
a re-engineered and improved direct 
reading spectrometer to allow a 


greater number of elements to be 
analyzed at one time. The chemical 
composition of metal samples can be 
determined in less than 1 min. with 
the results presented in per cent con- 
centration on indicator dials. The 
Spectromet can be installed close to 
the melt shop or production floor. An 
automatic optical servomonitoring 
system continually compensates for 
variations in temperature and atmos- 


pheric pressure as well as the effects 
of shock or vibration. 

For further information circle No. 259 
on literature request card, page 48-D. 


Test Furnace 

A gas-fired furnace for laboratory 
and research use has been announced 
by Hirt Combustion Engineers. Origi- 
nally developed to determine thermo- 
couple reliability at temperatures 
above 3000° F., the furnace features 
specially designed burners that re- 
quire no water cooling and use a 
standard 16-oz. blower. Operating 
temperatures of the furnace range 
from 2000 to 4300°F. Heating 
chamber is 6 in. in diameter and 6 in. 
high, but the size can be varied to 
meet specific requirements. 

Furnace operation is started with 
a preheat burner which raises cavity 
temperature slowly to 1000°F. to 
avoid thermal shock to refractories. 
The main burner operating on a lean 
air-gas mixture raises the furnace 
temperature to 1800°F. Then pre- 
heated air from the cavity is added 
to the normal fuel mixture to raise 
the temperature at the rate of 700° F. 
per hour. At 3800° F., the fuel mix- 
ture is enriched with oxygen to pro- 


hardness Fas Tester 


Proveng 


PORTABLE TE 


NSILE TESTER 


-You can tahe it with you! 


shop. For shop 


Write or call Steel City 
if you have any testing 
problems. 

Distributors in most 
major metalworking areas. 


With a Steel City Portable Tensile Tester, you can pull 
a tensile test wherever you want—in the field or in the 


or test trailer, everything but the pump 


can be wall-mounted to save space. It can be carried 
by two men and is rugged enough for moving in the 
shop or in the field. 


Flat or round specimens, cast 
coupons or weld samples can 
be pulled apart with forces 
up to 40,000 Ib. Tester is 
easily adjusted for specimens 
from 5 to 13 inches long. 
Wedge-type jaws for flat 
specimens; special V-type jaws. 
for round ones. Hydraulic 
pressure built up with manual 
pump. Cylinder stroke is 1% 
in. Gage, 8% in. OD, has 
maximum indicating hand. 


8811 Lyndon Ave., Detroit 38, Mich,. 


25 


irs {22000000 
feel ty 
Testing Machines 

|_| 


‘dag’ and ‘Prodag’ are trademarks registered in the 
U.S. Patent Office by Acheson Industries, Inc. 


MUELLER BRASS SAVES $15,000 


A YEAR ON FORGING LUBRICATION 


Efficiencies realized by just one company — with the help of Acheson 
Dispersions — have already added up to this substantial savings. 
Uniform coverage, easy sprayability, and lasting lubrication effec- 
tiveness are providing this leading forgings producer: longer die life, 
increased production, fewer rejects, and improved forgings. This 
lubricating success story is being repeated throughout the metal work- 
ing industry. Possibly you could profit from the use of an Acheson 


Dispersion. 


‘Prodag’ application on forging presses 
at Mueller Brass Company has saved 
between $15,000 and $17,000 annually 
for the past fifteen years. These im- 
pressive savings earned by this Port 
Huron, Michigan company —the world’s 
largest producer of brass and bronze 
forgings — have been realized in many 
areas. 


Spray application of ‘Prodag’ at Mueller Brass 
Company has resulted in impressive produc- 
tion savings. 


‘dag’ 35, brush-applied to the slides of this 
rollover machine, increases machine life for 
this midwest foundry. 


An expensive foundry problem was 
solved for the D. J. Murray Manufac- 
turing Company, Wausau, Wisconsin, 
with the use of Acheson’s ‘dag’ 35 — 
colloidal graphite in an alkyd resin solu- 
tion. Slides on the huge rollover ma- 
chine installed in their foundry division, 
previously lubricated by first a dry gra- 
phite and then rosin, were becoming 
deeply scored as a result of its 90-cycle- 
a-day operation in the handling of bench 
and floor molds. 


The scoring and machine vibration was 
so severe that according to Maintenance 
Foreman, Ben Sayles, “we could see that 
the life of the machine was going to be 
very short if we continued this method 
of lubrication.” Coating the slides daily 
with ‘dag’ 35, improved machine opera- 
tion immediately. The scoring all but 
disappeared. After two years of appli- 
cation with this Acheson dispersion, no 
repairs have been necessary and none 
are foreseen. Since the entire produc- 
tion of their grey iron sand slinger line 
— some 60 tons of material in 8 hours 
— goes through this machine, the down- 
time avoided represents an important 
savings to the company. 

For additional information, write for 
Acheson Bulletin No. 425. Address 
Dept. MP-89. 


Previously, crank forging pressmen at 
Mueller swabbed the dies between each 
press stroke. Mueller designed their own 
spray apparatus, both manual and auto- 
matic, to lubricate lower and upper dies 
simultaneously. Time studies have shown 
that spraying has effected a five percent- 
per-pound economy over the swab 
method. 


Even more importantly, by using Ache- 
son’s ‘Prodag’ — a dispersion of graphite 
and water — diluted 1:35, Mueller has 
gained longer die life, reduced the per- 
centage of scrap loss, and has obtained 
a better finish on their forgings. Accord- 
ing to Mr. O. M. Hanton, Chief Forging 
Engineer for Mueller, “with ‘Prodag’ we 
get the right amount of lubricant on the 
die. Swabbing resulted in too much lu- 
brication at one place or another in the 
die cavity, resulting in either a ruptured 
die or a defective part. Previously, every 
forging produced had to go to the grind- 
ing department. And grinding is one 
of the most expensive operations in a 
forge shop.” 


In producing deep-cavity forgings, or 
products which demand much smaller 
tolerances, Mueller uses ‘dag’ No. 3 — 
another of Acheson’s graphite-water base 
dispersions. If you have a forging lubri- 
cation problem it will pay you to call 
in your Acheson Service Engineer or 
write for Bulletin No. 426. 


ACHESON (Colids Company 


PORT HURON, MICHIGAN 
A division of Acheson industries, inc. 
Also Acheson Industries (Europe) Ltd. and affiliates, London, England 


Offices in: Boston © Chicago © Cleveland © Dayton © Detroit * Los Angeles © Milwaukee 


New York © Philadelphia © Pittsburgh ¢ Rochester © St. Louis 
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duce temperatures to 4300°F. Gas, 
preheated air, and oxygen are auto- 
matically proportioned. 

For further information circle No. 260 
on literature request card, page 48-D. 


Bar and Tube Marker 

Jas. H. Matthews & Co. has an- 
nounced a combination surface condi- 
tioner and bar and tube marker to pre- 
pare tubing for acceptance of offset 
printed marking and indented mark- 
ing. As the material to be marked 
enters the power driven guide rolls, 
a series of solvent bearing spray 


nozzles and adjustable squeegees re- 
move any drawing compound that 
would affect the quality of the sub- 
sequent marking from the tube sur- 
face. Opposite the offset printed 
mark, the incisor portion of the unit 
provides indented marking. The unit 
is adjustable for bar and tube sizes 
from % to 6 in. and is adjustable for 
marking speeds from 125 to 1000 ft. 
per min. 

For further information circle No. 261 
on literature request card, page 48-D. 


Bonding Mortar 

A new refractory bonding mortar 
has been announced by Harbison- 
Walker Refractories Co. Ankorite 65 
has been used to bond blast furnace 
bottom blocks and linings, electric 
furnace roofs, and malleable and air 
furnace side walls and bottoms. A 
recent settling test shows that Ankor- 
ite 65 remains in suspension longer 
than other types of bonding mortar. 
For further information circle No. 262 
on literature request card, page 48-D. 


Leaded Steel Tubing 
Seamless leaded C1020 carbon steel 
tubing in sizes from 0.012 to 1% in. 
O.D. has been announced by Superior 
Tube Co. The addition of 0.15 to 
0.35% Pb to C1020 increases the 
machinability from 72 to 85 or 90% 
and the cutting speeds from 120 to 
140 or 150 s.f.m. There is virtually 
no difference in mechanical properties 
between leaded and nonleaded C1020. 


For further information circle No. 263 
on literature request card, page 48-D. 
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Cleaner 


A new acidic detergent for cleaning, 
smut removing, and prepaint condi- 
tioning has been announced by Oakite 
Products, Inc. It can be used as a pre- 
cleaner to improve phosphate coatings 
and also to clean brass, aluminum, 
zinc, and terne plate. The compound 
is recommended for use in spray wash- 
ing machines, in a three-stage opera- 
tion: clean and condition with Com- 
pound No. 86, 2% by volume in water 
solution; overflowing rinse; and final 
acid rinse. It may also be used in tank 
immersion operations. 


For further information circle No. 264 
on literature request card, page 48-D. 


Vacuum Cabinets 

General Vacuum Corp. has an- 
nounced its Series 600 vacuum cabi- 
nets for moisture-free and dust-free 
storage of in-process electronic parts. 
Complete assemblies of 2 to 8 cabi- 
nets have controls and a _ single 
vacuum pump. Each system has auto- 
matic controls for opening of any 
cabinet, and automatic evacuation on 
closing. Inside dimensions provide for 
eight trays of parts, each tray 12 by 
18 in. 


For further information circle No. 265 
on literature request card, page 48-D. 


Grinding 

A new large automatic machine for 
the precision grinding of resistance 
welded honeycomb cores has been an- 
nounced by Swedlow, Inc. The device 


will accommodate honeycomb core 
blankets up to 5 by 20 ft. in size and 
machine the faces of such blankets to 
thickness tolerances of +0.003 in. 

For further information Circle No. 266 
on literature request card, page 48-D. 


Tensile Tester 

A new vertical bench-mounted ten- 
sile tester, capable of performing com- 
pression tests, has been developed by 
Steel City Testing Machines, Inc. A 


WORD FROM 


Waukee 


HANDY GADGETS 
TO TAKE ON PICNIC 


There’s nothing half so nice as a 
thoughtful furnace company. Metal- 
lurgists and heat treaters the country 
over greatly esteem the many furnace 
companies who install Waukee Nicar- 
bo-Guard and Carbo-Guard gas-meas- 
urement units on carbo-nitriding and 
carburizing furnaces. 
This fact is a source of considerable 
enchantment to all of us at the Wau- 
kee factory — 
but it is only 
incidental com- 
pared to the 
pleasure of the 
furnace opera- 
tors them- 
selves, who uti- 
lize the fur- 
naces and the 
associated e- 
quipment to 
turn out great 
volumes of 
precise parts— 
with proper case depth and physical 
characteristics. 
Since proper case characteristics are 
partly a function of getting the right 
gas mixture of carrier, ammonia and 
enriching gas, this is where we come 
in. Waukee Nicarbo-Guard units are 
a factory-assembled package which 
includes Flo-Meters with built-in flow 
control valves for each of the gases 
— all neatly mounted on a sturdy 
bracket — and all discharging into 
a mixing manifold which is then con- 
nected to the atmosphere line to the 
furnace. 
As a result, the furnace operator 
knows what he’s doing with his at- 
mosphere mixtures at all times and 
can accurately modify the mixture to 
suit the case requirements. Our Carbo- 
Guard units are for gas carburizing 
and have Flo-Meters with flow con- 
trol valves for carrier and enriching 
gas, bracket, and mixing manifold. 
We have available very helpful bul- 
letins showing units for all sizes of 
furnaces and selected to provide prop- 
er ratios of the several gases. A note 
to Waukee Engineering Co., 5140 
North 35th Street, Milwaukee, will 
bring complete data and prices. 


R.C.O. 
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When you specify Allis-Chaimers Induction Heaters— 


Expect the EXCEPTIONAL 


The speed, convenience, cleanliness and economy of induction heating are 
spectacular in themselves. Yet Allis-Chalmers actually enhances those advan- 
tages with a practical approzch to application. 
® Test runs on your product made in the A-C laboratory provide specific 
application data. 


® Special fixtures, coils and work handling equipment designed and manu- 
factured by A-C customize and streamline your operation. 


® Factory-supervised installation gets your Allis-Chalmers induction 
heater off to a good start. 


® Periodic checkup and emergency maintenance service supplied by 
regional offices keep your induction heater profitably productive — assure 
complete dependability. 
If your job is one of brazing, soldering, hardening, annealing, or heating for 
forging, induction heating can do the job better, faster and at less cost. For 
double assurance of complete satisfaction, consider both the quality of the heater 
and the services of the manufacturer — insist on Allis-Chalmers. See your A-C 
representative or write Allis-Chalmers, Industrial Equipment Division, Milwau- 
kee 1, Wisconsin. 


Standout 
performance 
assured by 
BEXTRA 
services 


MODERNIZE! 


ALLIS-CHALMERS 


A-1021-GI 


‘ 


1/6-hp. motor and a small hydraulic 
pump supply pressure to the hydraulic 
cylinder located behind the hydraulic 
load gage at the top of the tester. 
Loading is controlled by a manual 
valve. Capacity of the tester is 10,000 
lb. The lower jaw holder is adjustable 
to three positions by sliding it in and 


out of three pairs of slots in the side 
rails. The tester can accommodate 
any length of specimen up to 7 in. 
Model TE-10 is supplied with one set 
of jaws and a motor wired for 110- 
volt, single-phase, 60-cycle a. c. 

For further information circle No. 267 
on literature request card, page 48-D. 


Controllers 

New instruments that indicate, re- 
cord and control any process variable 
convertible to voltage or resistance 
change have recently been announced 
by Thermo Electric Co., Inc. Appli- 
eations include conductivity, flow, 
humidity, pressure and temperature 
measurement. Instrument accuracy is 
guaranteed to +0.25% of scale or 5 


microvolts. Interchangeable _ scale 
ranges are available and can be in- 
stalled in the field. Reference junc- 
tion compensating resistors may also 
be changed when converting from one 
thermocouple calibration to another. 


AUGUST 1959 


Basie control action is two position 
(off-on) but can be adapted to three- 
position control to lag or lead the con- 
trol set-point over the entire range of 
the instrument. 

For further information circle No. 268 
on literature request card, page 48-D. 


Aluminum Tube 
General-purpose seamless aluminum 
tube has been announced by Chase 
Brass & Copper Co. Produced in 
many diameters and wall thicknesses, 
the tube is made from 3003-0 alumi- 
num alloy in soft temper. Sizes range 
from %-in. O.D. with a wall thickness 
of 0.025 in. having a safe bursting 
pressure of 1066 psi., to %-in. O.D. 
with wall thickness of 0.049 in. having 
a bursting pressure of 348 psi. 
For further information circle No. 269 
on literature request card, page 48-D. 


Electroplaters’ Microscope 
Bausch & Lomb Optical Co. has 
announced a new electroplaters’ micro- 
scope designed for on-the-spot meas- 
urements of plating thickness. The 
microscope has Balcoted optics for 
maximum light transmission, and one- 


micron divisions on the fine adjust- 
ment knob. Filar micrometer eye- 
piece includes a movable hair actuated 
by a micrometer screw with a drum 
graduated in 100 divisions. Each di- 
vision on the drum represents 0.00001 
in. on the specimen when the 40-power 
objective is used. The eyepiece also 
includes a fixed scale to facilitate 
counting the revolutions of the drum. 
A heavy stand cancels out vibrations 
caused by nearby machinery and other 
sources of shock or vibration. 


For further information circle No. 270 
on literature request card, page 48-D. 


Melting Furnace 

A new dry-hearth furnace for melt- 
ing electrical quality aluminum has 
been announced by Selas Corp. Both 
dry and wet sections of the furnace 
are roof-fired with Duradiant burners 
that eliminate direct flame impinge- 


Write us. 


'TWE GLOBE STEEL ABRASIVE CO. 


mony 
«supplies from coast te coast. 


metal 
abrasives 


for you 


We can now make, ond deliver in 


 @very shipment, the exact type of 


“Malleabrasive” shot or grit that will 
do your porticular job best .. . and ot 
lowest cost to you. 


With new, precision controlled 
equipment and specialized techniques 
“Malleabrasive’’ is now job-made to 
meet each individual cleaning condition. 


Why settle for make-shift, 
general purpose ubrasives 
when you can have 
“Malleabrasive” tailor-made 
for you? We'll welcome the 
chance to tll you how 
you can benefit. 


Mensticlé, Ohie 
Sold by 
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Forging tube end in Shelby mill. In addition, Ohio Seamless can supply tubing flared, swaged, expanded, upset, flanged, shaped, etc. 


we Our machining time on this landing gear part in 
SAE 4140 plummeted from 400 to 180 minutes when 
we changed from forgings to Ostuco Forged Tubing. 


Ostuco tubing that give us extra savings in set-up 
time and tool grinding costs... as 


These actual figures, from an eastern manufacturer, 
indicate the machining economies Ostuco Forged 
Tubing can effect in your product. The starting 
point is to call your nearest Ohio Seamless office, 
listed in the Yellow Pages, or the plant at Shelby, 
Ohio — Birthplace of the Seamless Steel Tube 
Industry in America. 


OHIO SEAMLESS TUBE DIVISION 


of Copperweld Steel Company « SHELBY, OHIO 


“In addition to getting over 80° more parts per 
workshift, we like the free-machining qualities of 


AA-8850 


Seamless and Electric Resistance Welded Stee/ Tubing + Fabricating and Forging 


“New (Chamete New York, North Kansas (Wynnewood), Pittsburgh, Rochester, St. Louis St Paul, Salt Lake Cit 


Raley Sng. Corp Copper npany, 25 Broadway, New York 7, New Yor 


— 
Aircraft Components Manufacturer Specifies 
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SPEED HEATING 
SAVE SPACE 
TMPROVE QUALITY 
WITH HI-HEAD 


R-S HI-HEAD HEATS 25 TONS SLAB 
PER HOUR ..75% LESS FLOOR 
SPACE ..ONE FOURTH LABOR 


Now, heating of 25 tons of stainless 
steel slabs per hour is a continuous 
operation at Atlas Steels Ltd. The R-S 
Hi-Head Furnace reaches a high heat 
fst and maintains it uniformly in all 
parts of the furnace for the complete 
cycle. Heating time is reduced .. . 
there is no overheating of slab edges 
... and uniformity is assured on every 
piece. Labor is one-fourth that re- 
quired on conventional furnaces. Floor 
space used is 75% less. 

You can boost your "Quality Quota” 
if you heat with R-S Furnaces. For full 
technical details on faster slab heating 
write for the folder “Continuous Slab 
Heating.” 


R-S FURNACE CO., INC. 
. North Wales, Pa. 


Car Hearth Furnaces 
Continuous Furnaces 
Rotary Hearth Furnaces 


ment, avoid contamination of the alu- 
minum and provide close control of 
heat input. A special lining in the 
furnace also minimizes contamina- 
tions. All melting is accomplished in 
the melting zone and the metal flows 
to the holding section. 


For further information circle No. 271 
on literature request card, page 48-D. 


Drawing Lubricant 

Climax Molybdenum Co. has an- 
nounced the use of molybdenum disul- 
phide as a lubricant in drawing Type 
430 stainless steel wire. A thin pro- 
tective layer prevents metal to metal 
contact between the wire and the draw 
dies and improves die life. From 
5 to 20% MoS, is combined with a 
soap drawing compound. To remove 
the lubricant from the finished wire, 
the wire is electrolytically cleaned in 
an anodic process. 


For further information circle No. 272 
on literature request card, page 48-D. 


Hardness Tester 

Riehle Testing Machines Div. has 
announced a portable Rockwell hard- 
ness tester designed for on-the-job 
testing of materials, tools or pieces. 
Readings may be taken at any angle 


and no setup time is required. This 
tester weighs 3 lb., 6 oz. and uses 
standard indenters and loads. Large 
dial markings in red and black identify 
Rockwell scales. 


For further information circle No. 273 
on literature request card, page 48-D. 


Copper Brightener 

Allied Research Products, Inc., has 
announced the introduction of a new 
copper addition agent for cyanide 
plating solutions. Isobrite 623 can be 
used in solutions for either semibright 
or bright plating. It is suitable in 
either rack or barrel plating and is 
easily controlled. Over steel, zinc die 
castings, brass or bronze parts, Iso- 
brite 623 produces a copper film that 
can be bright nickel plated without the 
need for buffing if the finish of the 
original material is good enough. 
For further information circle No. 274 
on literature request card, page 48-D. 


RARE EARTH 


AND 


YTTRIUM 
METALS 


In your unceasing search for prom- 
ising new moterials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
and quite likely rewarding .. . 
to investigate the rare earths. 

Rare earth and yttrium metals 
ore readily available from our in- 
ventory in a wide range of purities 

__ in experimental quantities. Primary 

forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
vantageous for your research or 
product development operations. 

Lindsoy rare earths cover the 
whole gomut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. One of the signif- 
icant properties of the rare earth 
metals is their scavenging ability 
for oxygen, sulfur, and some other 
non-metallics. 


LOOK AT YTTRIUM, TOO 


Yttrium shouldn't be overlooked 
either. It is available in grades 
ranging from high purity to crude 
alloys with magnesium. 

Lindsay has been working with 
the rare earths for nearly 60 years, 
and is the world’s largest pro- 
ducer of rare earth, yttrium, and 
thorium materials. We can furnish 
you with a considerable amount 
of interesting and revealing tech- 
nical dota on rore earth and yt- 
trium metals, including a detailed 
tabulation of properties, purities, 
and costs. 

Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will 
be sent to you promptly. 


INDSAY 
(CHEMICAL )IVISION 


a American Potash & Chemical Corporation 
> 99 Park Avenue, New York 16, New York 


3000 West Sixth Street 
Los Angeles 54, California 
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Two of six Ipsen Heat Treating Units used in Perfection’s two Chicagoland plants 


“«_.-with Ipsen heat treating units, 
we get bright work, and increase 
production per man-hour.”’ 


Perfection Tool and Metal Heat Treating Co. 


Don Petersen is presi- 
dent of Perfection Tool 
and Metal Heat Treat- 
ing Company, one of 
Chicago's largest and 
best known custom heat 
treating organizations. To learn firsthand 
how and why Perfection uses semi-auto- 
mated, controlled atmosphere, heat 
treating equipment, we had an interest- 
ing chat with Mr. Petersen. Here are his 
answers to our questions: 


@. Since 1951 you have purchased a num- 
ber of Ipsen ‘'straight-through’’ heat 
treating units. Why have you favored 
this equipment? 


A. We were well pleased with the first Ipsen 
furnace we bought, and our customers 
were well satisfied with the quality of 
the work that came out of it. Since the 

; end of World War Il, there has been a 
much greater demand for atmosphere 
work, and, as this demand increased, we 
have purchased additional furnaces. We 
have four Ipsen units in our Hubbard 
Street plant . . . and two in our branch 
plant in Lombard, Illinois. All six units 


AUTOMATIC 


“have two work chambers which make 
them ideal for preheating. 


@. What kind of work do you handle in 
your Ipsen equipment? 


A.|n the course of the average day we 
handle many, many different types of 
work . . . gears, screw machine parts, 
stampings, etc. We use your furnaces for 
carburizing, carbonitriding, neutral at- 
mosphere hardening, and carbon restor- 
ation. The versatility of Ipsen furnaces is 
quite a selling point as far as we are 
concerned. 


Q@. Have you been able to increase produc- 
tion with this equipment? 


A. Yes. With Ipsen equipment we have sub- 
stantially increased production per man- 
hour. One reason for this is that quench- 
ing is automatic . . . and our operators 
do not have to handle parts in and out of 
the quench by hand. 


@. Apparently you like the automatic quench 
feature. Why? 


A. Definitely. The automatic timing makes 
it easy to duplicate previous quenching 


results. We eliminate the element of 
human error in quenching. 


@. What about maintenance of your Ipsen 
equipment? 

A. You have an excellent record on this 
count. We find that your equipment re- 
quires very little maintenance. 


@. What do your men think of Ipsen equip- 
ment? 


a. Our men like your equipment because 
it's cleaner, cooler, and easier to oper- 
ate. It takes less effort per pound of 
work treated. 


@. Has Ipsen equipment permitted you 
economy of floor space? 


A. Yes. We find your equipment to be quite 
compact for the amount of work han- 
dled. In our Hubbard Street plant four 
Ipsen units are placed so the discharge 
ends converge on the same washing and 
degreasing unit. The entire installation 
accupies only 600 sq ft of floor space. 


A brochure describing the type of Ipsen 
equipment used in the Perfection plants 
is available. Ask for your copy. 


HEAT.TREATING UNITS 


IPSEN INDUSTRIES, INC. » 723 S. MAIN STREET + ROCKFORD, ILLINOIS 
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for “‘everything on earth” 
—and into space 


stainless « alloy « high carbon « boron 
stainless « zirconium and its alloys 


Space metals—specified for vital areas of our 
rockets, missiles, and superspeed aircraft. Here 
is where exactness in manufacture counts for most 
—where know-how such as SUPERIOR’s assures 
the utmost precision in strip steel grade, gauge, 
temper and finish. @ Whether your needs are up 
in the air or right down to earth, SUPERIOR 
can serve you dependably. Check with us! 


Superior Steel Division 


PERWELD STEEL COMPANY 
CARNEGIE, PENNSYLVANIA 
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Harshaw Scientific Offers 
Laboratories National Service 
on a Local Basis 


GLASSWARE 
APPARATUS DETROIT 
FURNITURE 


HASTINGS-ON-HUDSON\ 
OAKLAND PHILADELPHIA * 
* CHEMICALS CINCINNATI * 


AMARILLO ATLANTA © 
ATON ROUG 4 


LES 


SRANSNED % Our Branch Warehouses and Sales Offices are strategically 
CLEVELAND 6, OHIO 


located to serve you. Select the one nearest you and 
1945 East 97th Street 
Tel. VUlcon 3-2424 contact them today. Our combined stock, which is probably 
the largest in the country, is at your disposal regardless 
CINCINNATI 13, OHIO 
6265 Wiehe Rd. of where it is located. Tell us what you need. 
Tel. REdwood 1-9100 We'll get it to you, when you need it. 


DETROIT 28, MICHIGAN 
9240 Hubbell Avenue 
Tel. VErmont 6-6300 


Harshaw Scientific, Division of The Harshaw Chemical Company is unique 
among, laboratory supply houses. We know what laboratories require since 
our company employs several hundred chemists, scientists, engineers and technt- 
cians in its many research, development and control laboratories and we stock 
accordingly.—Glassware - Apparatus - Equipment - Furniture - Chemicals 


HOUSTON 11, TEXAS 
6622 Supply Row 
Tel. WAlnut 3-1627 


9237 $0. Garfeld Ave. HARSHAW SCIENTIFIC 
Tel. RAymo 3-31 oa HARSHAW Division of the Harshaw Chemical Company 
eo Cleveland 6, Ohio 


OAKLAND 1, CALIFORNIA 
5321 E. 8th St. 
Tel. KEllogg 3-9169 SALES OFFICES @ 


AMARILLO, TEXAS, 3409 S. Jackson Street, Tel. DRake 4-9948 © ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., 


PHILADELPHIA 48, PA. Tel. CEdar 7-1626 © BATON ROUGE 6, LOUISIANA, 3160 Florida St, Doherty Bidg., Room 103, Tel. Dickens 3-1933 
Jackson & Swanson Sts. BUFFALO 2, .N. Y., 260 Delaware Avenue, Tel. GArfield 9200 © HASTINGS-ON-HUDSON 6, NEW YORK, 
Tel. HOward 2-4700 Tel. LOrraine 2-6250 © PITTSBURGH 22, PENNSYLVANIA, 505 Bessemer Building, Tel. ATlantic 1-6668 
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Twin Disc Clutch Company 


ELIMINATES 
HEAT TREATING | 
FURNACES 


by using 


STRESSPROOF 


with copper 
STEEL BARS 


in Racine, Wisconsin, Twin Disc Clutch Co. saved money on 
a plant addition by eliminating heat treating furnaces .. . 
and they continue to save on part costs by using a material 
which needs no heat treatment . . . STRESSPROOF. 


On the strength of over 15 years’ experience with 
STRESSPROOF, Twin Disc knew they could cut their costs 
by purchasing this material which has the necessary proper- 
ties in the bar. 


They produce about 150 different models of power take-off 
shafts . . . see cross-section drawing. These shafts must 
possess great toughness and have the strength to take 
heavy loads. They must resist wear at the journals. Because 
one end of each shaft must be machined to individual 
customer specifications, machinability is important. Warpage 
after machining cannot be tolerated. 


Twin Disc power take-off unit of 
Used to transmit power from indus- 4 
trial internal combustion engines. 


STRESSPROOF with copper fills these requirements on all 
counts because it has these four qualities in the bar: (1) 
Strength without heat treating. (2) Machinability (copper 
further improves machinability). (3) Excellent resistance to 
wear. (4) Minimum warpage. 

By using STRESSPROOF, Twin Disc eliminates the cost of heat 
treating, cleaning and straightening. Working conditions are 
better . . . the plant is cleaner and cooler, and floor space 
requirements are less. Time and money consuming produc- 
tion steps are eliminated. 

Twin Disc gets better parts at lower cost, and perhaps you 
can profit by their experience. Uniess you have investigated 
STRESSPROOF recently, you may be overlooking worthwhile 
savings, especially since copper has now been added to im- 
prove machinability. 


Available from your Steel Service Center. 


La Salle STEEL COMPANY 


1424 150th Street, Hammond, Indiana 
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Piease send literature describing La Salle STRESSPROOF with copper. 
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just fill in 
Armco Division + Sheffield Division » The National Supply Company * Armco Drainage & Metal Products, 


Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 


ARMCO STEEL 


ARMCO STEEL CORPORATION 
1829 Curtis Street, Middletown, Ohio 
Please send more information 


STEEL 


ARMCO 


New steels are 


For more information about workable, zinc- 
STREET 


protected Armco Zinccrip® Steel 


of zinc s-t-r-e-t-c-h-e-s— 
Parts stay zinc-protected, 
rust-resistant. 


work it to the limit of 
its ductile steel base. 
The full-weight coating 
doesn’t flake or peel. 


and mail the coupon, 


lockseam 


draw 
form 


Armco 
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ANTHRACITE BASE GRADE NMA BRICK 
FAR SUPERIOR CONVENTIONAL REFRACTORIES! 


This outstanding refractory material is specifically designed for 
Blast Furnace Linings and Aluminum Reduction Cell applications. 


Grade NMA brick offers: 

@ LOW PERMEABILITY — 100 times less than convention- Please send details 

ie: ally produced anthracite carbon brick. , 
e INCREASED DENSITY — 6% higher than conventionally on Grade NMA brick. 


produced anthracite carbon brick. 


e HIGH THERMAL CONDUCTIVITY — 7 times better 


than ceramics. 
e DIMENSIONAL STABILITY AT ELEVATED Position 
TEMPERATURES — retains dimension to 5000°F. 
@ RESISTS ALKALI ATTACK — characteristic of NMA Company. 


processing. Street__ 
e@ UNIFORM HEAT TRANSFER RATE — maintains same 


bis rate throughout lining life. State 
Grade NMA brick is available from 442” x 2%” cross section 


to 9” x 44%” cross section in up to 18” lengths. 
Ss “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N. Y. 
OFFICES: Atlanta, Chicago, Dallas, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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| New Carbon Brick—Grade NMA 
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at Cincinnati Stee/ Treating Co. 


the most versatile machine 
in the shop fs a 


Cincinnati Inductron 


CINCINNATI 30KW INDUCTRON induction heating 
machine in the plant of the Cincinnati Steel Treating Co. 
The part being processed is an SAE 4145 spur cluster 
gear. Hardening time for the 8” dia. gear is 21 seconds; 
the 44” dia. gear is 18 seconds. 


A wide variety of parts, in job-lot quantities, 
are precision selective surface hardened at Cincinnati 
Steel Treating Co., on a 30KW capacity Cincinnati 
Inductron®. The several parts shown here are typical 
of the variety of work that is processed daily. 

The Inductron operates at frequencies up to 
approx. 1200KC; provides rapid heating with mini- 
mum distortion and scale. With its variable output 
RF transformer, output can be varied under load from 
30% to 100% of rating. Thus a single work coil can 
be “tuned” to the work by positioning a small, grad- 
uated dial, and within reasonable limits, can accom- 
modate parts of different sizes and configurations. 
This high versatility, plus long component life and 
ease of maintenance, were the advantages that made 
the Cincinnati Inductron first choice of this most 
modern heat-treating plant. 

Cincinnati builds both Inductron (15, 30, 
50KW) induction heating machines, and Flamatic® 
flame heating machines . . . in automated units for 
high production, or equipped for a variety of short- 
run work. For detailed information on machines 
exactly tailored to your heat processing requirements, 
write direct, or call in a Meta-Dynamics Division 
field engineer. 


FACE SPUR GEAR 
of SAE 4615, car- 
burized, 8%" dia. x 
1%" face width, hard- 
ened in 30 seconds, 


SHAFT of SAE 1043, 
dia. x 3%" long, 
fRardened in i 

seconds. 


SPIRAL PINION of SAE 4645. 
Gear section, 4” dia. x 4” long, 
hardened in 45 seconds. 


LOCKING PAWL of SAE 1045. 
Locking tip hardened in 4 seconds. 


PIN of SAE 1045, 1%” long, 
hardened in 4 seconds. 


inductron 
flamatic 
META-DYNAMICS DIVISION 


Machines for Metal Forming and Heat Treating 


‘CINCINNATI MILLING MACHIN 
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new 
literature 


276. Alloy Castings 

Data folders on two types of alloy steel 
castings. Composition, properties, harden- 
ability bands, uses. Unitcast 


277. Alloy Powder 

New bulletin Pa technical data on 
alloy powder HS 6460 including proper- 
ties, specifications and heat treating rec- 
ommendations. Republic Steel 


278. Aluminum 
8-page bulletin on aluminum — 
Properties; selection of 

BS ‘ot and billet com sitions 
Metals lin Mathieson 


279. Aluminum Bronze 

8-page booklet on study that led to 
development of one-piece, nickel-alumi- 
num bronze ship propeller. International 
Nickel Co. 


280. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


281. Aluminum Extrusions 


Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


282. Aluminum Finish 

Bulletin on new invisible finish for 
aluminum describes Alodine No. 1000 and 
includes flow sheet for immersion process. 
Amchem Products 


283. Are Welders 

New bulletin on rating features, 
construction details an a of a 
new line of manual arc welding machines. 
Lincoln Electric Co. 


284. Atmosphere Control 
——— Bulletin SC-178 on furnaces, 
osphere cont ment, controls for bright 
ing, ening and tempering, 
batch a age hardening and 
carburizing. Surface Combustion 


285. Atmosphere Furnace 
12-page bulletin 1054 on electric fur- 
naces with atmosphere control for hard- 


ening high speed steel. Sentry 


286. Atmosphere Heat 
Treating 
Hydrogen and protective atmosphere 
heat treating of some stainless, heat re- 
sisting, beryllium and nickel alloys Le 
Ferrotherm Ferro 


287. Austem 

Bulletin No. 167 on 4 salt 
bath installation for continuous heat 
treatment of farm tools. Ajax Electric 


288. Billet Casting 

8-page bulletin describing quality con- 
trol of billet and slab casting of aluminum 
alloys. Lobeck Casting 


289. Bimetal Apglications 

44-page booklet, uccessful Applica- 
tions of Thermostatic Bimetal”, contains 
uses, formulas, calculations. W. M. Chace 


290. Blast Cleaning 


Complete information on Malleabrasive 
for cleaning and finishing. Globe Steel 
Abrasive 
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291. Blast Clean 


16-page bulletin No. 705 describes line 
of heavy-duty barrel cleaning equipment, 
dimensions, specifications. Pangborn Corp. 


292. Bolts 

16-page booklet on high-strength bolt- 
ing for structural joints — ASTM 
specifications coveri bolting ma- 
terial. Bethlehem Ste 


293. Boron 

8-page booklet on composition, struc- 
ture, corrosion resistance, welding and 
mechanical properties of 1% boron ‘aie 
less steel. Superior Steel 


294. Brass Alloys 
New 6-page bulletin on importance of 
grain size in brass alloys. How grain size 
or average crystal diameter is affected 
ing and cold rolling. Bridgeport 
rass Co. 


295. Brazing 

16-page reprint on furnace brazing gives 
advantages of method, design factors and 
methods of handling assemblies and fur- 
naces for brazing. Electric Furnace 


296. Burners 

Buzzer Catalog No. 1570 describes in- 
dustrial gas burners, furnaces and acces- 
sories for heat cat. 25 melting, 
soldering and drying. rles A. Hones 


297. Burners 
Bulletin 48.32 on flat flame 
racteristics, applications. 
ican Mfg. 


298. Carbide Tools 
a 40-pa page Catalog MT-059 gives data 
rices for blanks, solid carbide in- 
_~t le inserts, other tools. Willey’s 
Carbide Tool Co. 


299. Carbon Brick 


Bulletin on properties, grades, applica- 
tions of carbon and graphite brick for 
handling corrosive chemicals and molten 


burners. 
orth Amer- 


metals. National Carbon 
300. Carbon Potential 
Controller 


Information sheet on instrument for 
use with endothermic gas generators and 
controlled atmosphere furnaces. Rolock 


301. Castings 

12-page bulletin on ArmaSteel castings. 
Properties, applications, machinability 
and heat treating. Central Foundry Div. 


302. Castings 

Brochure on pooster mold castings of 
brass, bronze, aluminum, beryllium cop- 
per. Ohio Precision Castings, Inc. 


303. Chromium Plating 
4-page bulletin on new “crack- 
chromium plating process. Metal A 
Thermit 


304. Clad Metals 


New 8-page bulletin on five-layer cop- 
per-cor Aliron and three-layer copper- 
base Aliron for rectifier anodes. Advan- 
tages, properties. General Plate Div. 


305. 
Bulletin No. 72 gives reagents and pro- 
cedure for acid acceptance test for 

trichlorethylene. Hooker Chemical 


306. Cleaning 
pacpase bulletin on washing machines. 
Dane, special features, dimensions. 
Waukee Co. 


307. Coatings 
4-page catalog on heat-proof protective 
coatings. Basic types, applications, meth- 


ods of applying and temperature ranges. 
Markal Co. 


275. Welding Aluminum 


The welding of aluminum by 
the gas-shielded metal-arc and 
tungsten inert-gas methods are 
discussed in this 120-page 
spiral-bound book. Topics cov- 
ered are weldability of alumi- 
num and aluminum alloys, selec- 
tion of the best process for the 
particular application, equip- 
ment and techniques, safety 
practices. Illustrations are plen- 


tiful and picture such things as 
effect of joint design on gas flow, 
electrode extension for various 
types of joint, basic joint de- 
signs. A series of tables give 
specifications for various types 
of welds in plate of different 
thickness. Air Reduction Sales 


308. Cold Header 

Bulletin on —_ - die double stroke cold 
header. Design features. Advantages of 
toggle-type construction for actuating 
heading gate. Waterbury Farrel Foundry 
& Machine 


309. Controlled Atmospheres 
e specifications, principle operation, 
application. Illinois Testing 
310. Controllers 
Data on controllers and _ recorders. 

Samuels Sons Iron & Steel Co. 
311. Controllers 

16-page Bulletin No. 9 gives data, oper- 


ation diagrams, schematic drawings of 
capacitrols. Wheelco 
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ApPLICATION 


ULTRASONIC 


A VITAL SERVICE TO INDUSTRY 


The Reflectoscope is being used to test the 
quality of pressure hull plates for the SKIPJACK 
and other nuclear powered submarines. The hull 
plates must, of course, meet the Navy Bureau of 
Ships requirements to maintain the water tight 
integrity of the submarine for operating at great 
depths. Hence, the Reflectoscope plays a vital 
role in producing the atomic subs of ever in- 
creasing capabilities. Not only in critical applica- 
tions such as this, but wherever the failure of 
welds or imperfections in metal is a factor to 
safety and/or profits. Sperry Reflectoscope can 
more than pay its way. 


Sperry’s fourteen years of ultrasonic testing 
experiences gives Sperry engineers an unparal- 
Locating laminations in 4 inch plate with a Sperry 
Reflectoscope at Electric Boat Division of General leled background of research, development and 
Dynamics Corporation, builders of the Navy's practical experience. Please call on a Sperry 
newest nuclear submarine, Skipjack, shown above. engineer to help solve your ultrasonic testing 
problems. 


For further information on Sperry equipment and services, 
please fill out and mail coupon. 


FLECTOSCOPE 


ULTRASONIC TESTING EQUIPMENT 


crs, Inc. 
608 Shelter Rock Road, Danbury, Conn. 


(0 Send Literature [1 Have Representative Call 
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312. Conveyor Belts 


wie 
peg or +4 a peratures 
pais ire Cloth Co. 
pe Co Alloys 
24-page ms of on alloys in rod form. 


ical parts. ifications covering 
ys described. Mueller Brass 


314. Copper Plating 
Technical Brochore describes 
plating process, applications, equip- 
ment and prices. Seymour Mfg. Co. 


315. Corrosion of Copper 

32-page reference booklet aid in 
selecting copper alloy best suited for = 
ticular corrosive condition. 187 applica- 
tions. American Brass Co. 


316. Cutting Fluid 

4-page folder on the development of 
coolants from water to oil to chemical 
coolants containing no petroleum. De- 
scription of Hocut 237. E. F. Houghton 


317. Cutting Oil 
Bulletin 39 on transparent cutting o 
which is desi for use on a wide 

variety of steels. Sun Oil Co. 


318. Decarburization 
8-page booklet on effects of decarburi- 
zation on tool steels tells what it is and 
pm can be done about it. Carpenter 
tee 


319. Degreasers 

Catalog No. 10M 359 on standard and 
special vapor degreasers and industrial 
ovens. Baron Industries 


320. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages. 
Randall Mfg. 


321. Degreasing 

Booklet on vapor degreasing. Design, 
installation, operation and maintenance 
of equipment. Circo Equipment 


322. Die Steel 

Data sheet on Huron high-carbon, high- 
chromium die steel. Applications, forging, 
annea , tempering, prop- 
erties. A y tay Ludlum 
323. Electric Furnaces 

Data sheet describes and gives specifica- 
tions of standard nonmetallic resistor 
furnaces. Harrop Electric Furnace Div. 


324. Electroplating 

Chart gives reference data for gold, 
rhodium, palladium, platinum, silver, 
nickel plating. Technic 


325. Electropolisher 
we Digest, Vol. 1, No. 5 gives faeces 
urgical samples and describes 
tropolisher. Buehler, Ltd. 


326. Environmental Testing 
New 12-page Catalog No. 59 on altitude, 
-_ rature, sand and dust test chambers, 
els, specifications. American Research 


327. Ferroalloys 
Folder on ferrocolumbium additions to 
steel and high-temperature alloys, analy- 
os advantages. Union Carbide 
eta 


328. Finishing 

Guide for determining cost of finishing 
compares finishing in the production shop, 
finishing at a job shop and use of pre- 
finished metals. Apollo Metal Works 


329. Finishing Processes 
30-page catalog describes types and 
processes of ing. Machines, acces- 
sories, applications. Roto- Finish Co. 
330. Flame Hardening 
Publication No. M-2015 on precision 
flame hardening machine with automatic 
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operation. Specifications, design. Cincin- 
nati Milling Machine Co. 


331. Flame Hard 

Bulletin tells how flame hardening im- 
proves rolls. Chart shows ranges, depth 
of hardness. Detroit Flame Hardening 


332. Force Measurement 

New booklet on modern industrial 
techniques for measuring force, weight, 
pressure. Advantages of electronic force 
measurement. Principles of SR-4 bonded 
strain gages and use in force measure- 
ment devices. Baldwin-Lima-Hamilton 


333. Forging 

Brochure on Cameron forging process. 
Cameron Iron Works 
334. Forgi 

12-page booklet on how forged weldless 
rings and flanges are made. Case histories. 
Standard Steel Works Div., B-L-H 
335. Forgings 


Folder on facilities for production of 
flat-die forged products. Electronic equip- 
ment used. Smith-Armstrong 


336. Formed Shapes 

Catalog No. 1053 deamtibin numerous 
formed shapes made from ferrous and 
nonferrous metals. Roll Formed Products 
337. Freezer 


Data on chest for use down to —140° F. 
for production and testing. Revco 


338. Furnace Controls 

Bulletin 658 on saturable reactor for 
regulation and control of electric ovens 
and furnaces. Sorgel Electric Co. 


339. Furnace Fixtures 


Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 


340. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood 


341. Furnaces 


List of used furnaces in stock. Papesch 
& Kolstad, Inc. 


342. Furnaces 

Data on line of industrial heat treating 
furnaces including car-bottom, shaker- 
hearth, bom -type and semimuffie. Denver 
Fire Clay Co. 


343. Furnaces 

Bulletin describes 18 electric furnaces 
for research and small-scale production, 
with operating temperatures to 3000° F. 
Harper Electric 


344. Furnaces 

Bulletin 5902 describes pusher furnaces 
for temperatures to 2600° F. Data on com- 
plete line of furnace types. C. I. Hayes 


345. Furnaces 

Bulletin 858 on carbon-resistor tube 
furnaces for temperatures to 5000° F. 
Uses, atmospheres, specifications. Hevi- 
Duty Electric Co. 


346. Furnaces 


12-page catalog on electric heat treating 
furnaces. Data on each of 57 models. Con- 
trols, instruments, elements and acces- 
sories. Lucifer Furnaces, Inc. 


347. Furnaces 

List of industrial furnaces and equip- 
ment in stock. TherMaTek Co. 
Hardness Tester 


page book on hardness testing by 
method. Clark Instrument 


RADIANT 


PSC fabricated tubes furnish four substantial advantages: (1) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics. Also sheet-alloy heat-treating 
retorts and covers, boxes, baskets, fixtures, tubes, etc. 


| 
=. ‘Light-Weight’ Heat-Treat Units for Every Use 
] 
j 
— 
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RUPTURE CHARACTERISTICS "7-22-A° STEEL 


"17-22-A"S -1000° F 


100 
80 
60 
50 
40 
30 
20 


10 40 100 


Stress-rupture curves show strength 


TIME FOR RUPTURE, HOURS 
of ““17-22-A” (S ') at 1000° F and *17-22-A” (V) at 1100° F. 


How to solve high temperature parts 
problems with low alloy steels 


ERE’S how you can solve the problem of using 
expensive, high alloy steels for missile engine 
parts, airplane brakes, gas turbines or other units that 
must operate at high temperatures. You can use the 
Timken Company’s /ow alloy “17-22-A’® steels. They 
contain less than 3% alloy. Yet they give high alloy per- 
formance—with maximum strength up to 1100° F. You 
save strategic alloys, cut your costs. 
And that’s not all you gain. Timken “17-22-A” steels 
have high resistance to heat checking and thermal crack- 
ing. They are readily workable up to 2300° F., are easily 


machined and welded. Maximum high temperature 
properties can be developed by normalizing and temper- 
ing, minimizing the possibility of distortion and quench 
cracking. 

Get full details about “17-22-A”(S) steel, and its 
companion analysis, ““17-22-A”(V), recommended for 
temperatures up to 1100° F. Send for Technical Bulletin 
36B. And let our technical staff help you, as they've 
helped others, solve high temperature steel problems. 
Write: The Timken Roller Bearing Company, Steel and 
Tube Division, Canton 6, Ohio. Cable: ““TIMROSCO”. 
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SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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349. Hardness Tester 
Catalog 72-1 on Leitz miniload tester 


for Vickers and Knoop hardness tests. 
-Metric Tools, Inc. 


350. Hardness Tester 
_ Bulletin S-33 on vertical-scale and dial- 
ingieoting scleroscopes. How they are 
calibrated. Shore Instrument 


351. Hardness Tester 

Bulletin TT-59 on tester for measuring 
standard Rockwell and superficial hard- 
ness. Wilson Mechanical Instrument 


352. Hardness Tester 

20-page booklet on Rockwell superficial 
hardness testers shows models, acces- 
sories, applications. Wilson Mechanical 
Instrument 


353. Hardness Testers 


Folder on portable hardness testers for 
testing of various sizes, shapes and types 
of metal. Newage Industries 


354. Hardness Testin 


Bulletin A-18 on Alpha &., Brinell 
hardness testing machines. Gries Ind. 


355. Heat Exchanger 

Bulletin 124 describes 30-million Btu. 
heat exchanger, giving uses and de- 
scriptions. Niagara Blower Co 


356. Heat-Resistant Alloys 
12-page brochure on titanium-carbide 

for high-temperature service. 
Properties, applications. Kennametal 


357. Heat-Resistant 


16-page bulletin on design foundry 
practice and applications. E Meg 


358. Heat Treat Pots 

Catalog on pressed steel pots for lead 
salt, cyanide, oil temperi zz. m 
melting. Eclipse Industrial ti 


tables and factors to consider in designing 
furnace elements. Hoskins Mfg. 


369. High -Alloy Castings 

16-page bulletin, No. 3354-G, gives engi- 
neering data concerning castings used for 
resisting high temperatures, corrosion and 
abrasion. Duraloy Co. 


370. High Frequency Heating 

High Frequency Heating Review, Vol. 1, 
No. 5, on induction brazing and oot tak 
Review of new equipment. Lepel 
Frequency Laboratories 


371. High-Strength Steels 


Folder on manganese-copper steels. 
eae, fabricating practice. Republic 
tee 


372. High-Tempersture Alloys 

New book describes Nicro- 
tung and 545 or for turbine 
disks and blades operties, structure. 
Materials Mfg. Dept., Westing ‘ 


373. High-Temperature 
Properties 

Metallurgical facilities for elevated 

temperature mechanical properties eval- 


uation. Pocket-size circular slide rule. 
Joliet Metallurgical Laboratories 


374. High-Temperature Steels 

87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile, creep and rupture properties 
of 21 high-temperature steels. U.S. Steel 


375. h-Tensile Steel 

12-page bulletin on properties and com- 
position of N-A-X high-tensile steel. Ex- 
amples of resistance to impact, fati 
abrasion and corrosion. Great Lakes Steel 
376. High-Tensile Steel 

Bulletin on nickel-copper steel of low- 


alloy, orem type. Youngstown 
Sheet ub 


377. Identifying Tool Steels 
Folder describing new spark intas 

standard for identification of tool steels 

and surface conditions. GLD Products Co. 


378. Immersion Heaters 

Handy selector guide GEA~-6306A for 
water, alkaline or plating bath heating. 
General Electric Co. 


379. Impact Testing 
Bulletin on machine for St, Charpy 
and tension testing. Riehle 


380. Inconel 

24-page Bulletin T-7 on of 
Inconel. 22 property tables. Corrosion re- 
sistance and working characteristics. In- 
ternational Nickel 


381. Induction Furnace 

Folder R-61 on induction furnace for 
electric melting and holding of aluminum. 
Ajax Engineering Corp. 


382. Induction Heating 
12-page Bulletin 12B6430B on high- 
frequency induction heating. Specifica- 
tions, applications, accessories. Allis- 
Chalmers 


383. Induction Heating 
12-page Bulletin HF-58-6 on high fre- 
induction heating equipment. 
t treating, annealing, brazing, forging, 
shrink fitting data. Magnethermic 


384. Induction Heating 
4-page on of heat 
treating, ening, brazing at Ca 
Tractor. Ohio Crankshaft 
385. Industrial Equipment 
12-page catalog on frushing systems, 
cleaning, pickling, rustproofing equip- 


359. Heat Treating 

Monthly bulletin on used heat treating 
and plating equipment available for im- 
mediate delivery. Metal Treating Equip- 
ment Exchange 


360. Heat Treating Belts 

Catalog of conveyor belts and data for 
their —y application and selection. 
Ashworth Bros. 


361. Heat Treating Belts 
16-page pc on selection of steel 

processing conveyor belts gives complete 

specifications. Wickwire pencer Steel 


362. Heat Treating Equipment 

24- ~page Catalog 54 on light weight 
— and heat treating equipment. 
teel Co. 


363. Heat Treating Fixtures 

16-page Catalog M-7 on heat treating 
baskets and corrosion-resistant-alloy fab- 
rications. Wiretex Mfg. Co. 


364. Heat Treating Furnaces 
Sop catalog on line of furnaces and 

ovens for heat treating and accessory 

equipment. K. H. Huppert Co. 


365. Heat Treatment 

4-page bulletin on a home study and 
in-plant course on heat treatment of 
steel. ASM Metals Engineering Institute 


366. Heat Treatment 
Bulletin 200 on car hearth, rotary 
hearth, pit, roller hearth, belt, 


usher, and “hi-head” R- 
urnace 
367. Heating 


Bulletin on Heat-O-Coil resistance wire 
for preheating and stress relieving. Arcos 


368. Heating Element 

12-page catalog on 35-20 nickel-chro- 
mium-iron heating element. Tempera- 
ture-resistance curve, physical property 
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Complete Range Of 
Thermocouple Assemblies 


Alumel. 


of sizes and lengths. 


ali applications. 


jon Heads — Choice of various connection heads —heavy duty, 
lightweight, weatherproof, etc. Available with nipples and unions in a variety 


Thermowells — Bar stock or built-up, straight or tapered, with threaded, 
flanged or ground-joint mountings. Available in all commercial materials for 


Write For Thermocouple Catalog SectionH. 


Thermo Electric G.inc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


With T-E’s thermocouple assemblies you get: (1) choice of an extremely wide 
variety; (2) carefully pre-tested quality; (3) simplified ordering —one code 
number for a complete thermocouple assembly. 


Thermocouples — Wire type from 20 to 6 gage. Ruggedly constructed, 
sensitive in performance. Available with fiberglass or various types of ceramic 
bead insulation. Calibrated in Iron-Constantan, Copper-Constantan or Chromel- 


& 
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Photo courtesy Arwood Precision Casting Corporation. 


... With Norton Crucibles 


You can pick the exact type of crucible you need for pre- 
cision casting of high alloy steels from the wide NORTON line 
and have excellent protection against contamination. 

No other crucibles give you such high stability to both heat 
and chemical action under a wide range of operating condi- 
tions. What's more, their fine, smooth surfaces are invaluable 
wherever molten metal must be kept free of refractory 
inclusions. 

Specifically engineered for use in induction-type and in- 
direct arc furnaces, these rugged NORTON Crucibles are ideal 
aids to critical casting techniques where both high precision 
and purity of the molded part are essential. 

Norton Crucibles can increase the precision, efficiency and 

economy of your casting operations. 
They’re available in a wide variety of 
sizes. Get full details from your NORTON 
representative. And write for this new in- 
formative catalog on the complete line of 
NortToN Crucibles. NORTON COMPANY, 
Refractories Division, 327 New Bond 
Street, Worcester 6, Massachusetts. 


*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


MAGNORITE* K Crucibles (97% Fused Magnesia) 
Widely used for melting steels and ferrous alloys as well as 
cobalt, chrome, copper, bronzes and nickel. 

MAGNORITE M Crucibles (99% Fused Magnesia) 
Designed to meet refractory requirements calling for low 
boron, iron oxide, and silica content. 

ALUNDUM* A Crucibles (99% Alumina) 

Provide outstanding stability in both oxidizing and reduc- 
ing atmospheres. Ideal for vacuum melting. 

ZIRCONIA H Crucibles (Fused Stabilized Zirconia) 

For operations where extremely high refractoriness and 
low thermal conductivity are required. 

CRYSTOLON* Silicon Carbide Crucibles and other 
types of crucibles also available for melting nonferrous 
metals and alloys. 


NORTONF— 


REFRACTORIES 


Engineered... LY...Prescribed 


Making better products ...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheeis + Grinding Machines + Retractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones « Pressure-Sensitive Tapes. 
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ment, ovens, conveying equipment. R. C. 
Mahon Co. 


386. Inspection 

New 4-page Bulletin F-9 on magnetic 
method and equipment for locating in- 
visible defects in ferrous metal parts and 
assemblies. Ferro Machine and Tool 


387. Inspection 
Bulletin on Spotcheck dye- trant 
inspection. Advantages, prices. Magnaflux 


388. Inspection 

16-page booklet on magnetic particle 
inspection. Equipment, uses, kinds of de- 
fects that can be found. Magnaflux 


389. Inspection 

Data on ultrasonic inspection and thick- 
ness measurement service in field or 
laboratory. Sperry Products 


390. Investment Casting 
“Pointing the Way” presents seven case 

histories on advantages of investment 

castings. Engineered Precision Casting 


391. Investment Castings 
8-page bulletin describes four cobalt 
and one iron-base alloy. Properties and 
recommendations on joining, machining, 
grinding, heat treating. Haynes Stellite 


392. Laboratory Equipment 


32-page bulletin on complete line of 
laboratory balances, balance weights, and 
accessories. Harshaw Scientific 


393. Laboratory Equipment 
Bulletin on cutting test specimens de- 

scribes methods for different types of 

metals. Price list. Sieburg Industries 


394. Laboratory Furnace 

Data sheet on high-temperature labora- 
tory furnace for operation at 4600° F. for 
crucible melting. Zirconium Corp. of 
America 


395. Leaded Alloy Steel 

8-page bulletin gives mechanical prop- 
erties of Rycut 40, medium-carbon fast- 
machining leaded alloy steel. Case studies. 
Ryerson 


396. Lubricant 


Bulletin 425 on colloidal dispersions for 
use in metal casting. Best formulas for 
achieving high lubricity and wetting 
action. Acheson Colloids 


397. Lubricants 

Bulletin 581 on colloidal graphite dis- 
ersions for industry. 17 uses listed. 
‘ables on concentrated and ready-to-use 
solutions. Graphite Products Corp. 


398. Lubricants 

4-page Paper X-1 describes a tensile- 
test machine for evaluation of metalform- 
ing lubricants. Instron Eng. Corp. 


399. Magnesium 

53-page book on wrought forms of 
magnesium. Includes 4 tables. White 
Metal Rolling & Stamping Corp. 


400. Manganese Alloys 


New leaflet on manganese alloys gives 
compositions and uses of ferromanganese 
briquettes and silicomanganese alloys and 
briquettes. Vanadium Corp. 


401. Marking 
Data on Paintstik markers for identi- 
fication of heat treated parts. Markal Co. 


402. Marking Machines 

Bulletins 146-C25 and 146-C26 on com- 
plete line of marking machines, from 
stationary models to portable units. For 
polished surfaces, precision finished parts, 
glass, ceramics. Jas. H. Matthews 


403. Metal Cutting 
56-page Catalog No. 32 gives prices and 
describes complete line of rotary files, 


burs, metalworking saws and other prod- 
ucts. Martindale Electric 
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404. Metal Finishing 


Literature file on properties and ap- 
plications of conversion coatings, bright- 
eners, process chemicals and protective 
coatings. Allied Research Products 


405. Metal Forming 

Folder on rolling mills, swaging ma- 
chines, wire shaping mills, wire and tube 
drawing machines. Fenn Mfg. 


406. Melting Furnaces 

32-page catalog on Heroult electric 
furnaces. Design, types, sizes, capacities, 
ratings. American Bridge 


407. Metal Marking 


Bulletin on all-purpose electric pen 
which will arc etch any metal. Newage 
Industries 


408. Metal Sorting 
Data on nondestructive sorting tool for 
—, semifinished or finished parts. J. W. 
ce 


409. Metals 

New 8-page brochure on wire, rod and 
shapes in titanium, zirconium, tantalum, 
columbium and other special metals. 
Melting methods and cleaning, rolling, 
wire straightening techniques. Johnston 
& Funk Metallurgical Corp. 


410. Metallograph 
Bulletin on metallograph operated from 
sitting position. Transitions are instanta- 


neous. Accessories are interchangeable. 
Wm. J. Hacker 


(Continued on page 48-A) 


I buy from a 


Why don’t you? 


STEEL SERVICE CENTER. 


Steel Service Centers throughout the country have built up 
their inventories in anticipation of a suspension in steel 
production. These stockpiles totaling almost 3,600,000 tons 
are valued at 34 billion dollars. If you have been using a 
steel service center as your source of supply—you can 
thank your lucky stars—because chances are they will still 
be able to fill your requirements. 

Each distributor’s representative is a metal specialist and 
is qualified to assist you with application and supply 


problems. 


MICROROLD STAINLESS STEEL is regularly carried in stock 
in 252 of these independent steel warehouses. Washington 
Steel is a producer of sheet and strip exclusively, all of 
which is precision rolled on Seidzimir mills. 


WASHINGTON STEEL 
CORPORATION 


8-T Woodland Avenue, Washington, Pa. 
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HIGH-TEMPERATURE ALLOY 
EW W-545 HAS 20% MORE STRENGTH 


Twenty percent more strength at 1200°F from this 
turbine disc gave added dependability for a West- 
inghouse customer using W-545. This new high- 
temperature alloy will withstand higher stress levels 
than similar alloys at the same operating tempera- 
tures . . . or it will withstand equivalent stress char- 
acteristics at 100°F higher operating temperatures. 

Critical high-temperature parts can be made from 
this material that have excellent strength-to-weight 
ratios and can be used at temperatures up to 1350°F 
... excellent characteristics at 300°F. 

W-545 has proven itself superior for turbine wheels 
. . » compressor discs and shafts . . . combustion 
chambers . . . housings and skin materials. W-545 is 
nonmagnetic and has a low strategic alloy content, 


permitting ease of fabrication for fasteners . . . rings 
. Spacers .. . fittings . . . brackets . . . supports 
and mounts. 

The Westinghouse Metals Plant can furnish strip, 
sheet, bar, forgings and forging stock in W-545 and 
other wrought high-temperature alloys. Get all the 
information today; write: Westinghouse Electric Cor- 
poration, Materials Manufacturing Department, 
Blairsville, Pennsylvania. J-05010 


You CAN BE SURE...1F 175 


Westinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV MONDAYS 
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you are looking 


HEAT 
RESISTANT 


: 
HA, HC, HD, HE, HF, HH, STAINLESS ‘Se 


A.C.1. 
Hi, HK, HL, HN, HT, 2 
BA CA-15, CA-40, CB-30, CC-50, 
HU, HW, HX 


CE-30, CF-8, CF-20, CF-8M, Eg 
CF-12M, CF-8C, CF-16F, 
CH-20, CK-20 


LOOK NO FURTHER THAN fahralloy 


For over a quarter of a century 
Fahralloy has served the needs of 

the nation's leading industries with highest 
quality alloy castings. Whether your 

particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 
when you place your order with Fahralloy. 


»? 


1SOTH AND LEXINGTON AVENUE « HARVEY, ILLINOIS 


QUALITY e SERVICE INTEGRITY 
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CHICAGO 


International Amphitheatre, Nov. 2-6, 1959 


Here is an atmosphere steeped in discovery of the 
future — a preview of the kind of metalworking magic 
and technical wizardry that will propel America into 
the soaring 60's. Inspiring exhibits and thought- 
provoking technical sessions will draw 50,000 
men of metalworking into a dynamic conclave 
of progress-producing activity. 


Plan NOW to attend—you'll come away 
with new ideas, better equipped for 
the challenge of competition 
in the 60's! 


NATIONAL METAL CONGRESS and EXPOSITION 


Sponsored by the AMERICAN SOCIETY FOR METALS | 
Metals Park + Novelty, Ohio 


F Cooperating Activities: The Metallurgical Society of AIME; Special Libraries Association—Metals Division; American — 
 Seciety for Non-destructive Testing, Inc. Associations pre- Society for Testing Materiais—Committee B-9; and the ” 
ting technical sessions in cooperation with eo : Metal extensive programs of the American Society for Metals : 
der industries Federation; Metal Treating Institute; with the William Park Woodside Memorial Sessions, and ‘ 
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Contacts used in world-famous Cannon Plu 
must be capable of withstanding corrosion and tarnish, 
in addition to the punishing effects of repeated engage- 
ment and disengagement. The photographs, taken by 
Cannon in their own laboratory, show why conven- 
tional 24K gold plate failed to meet the requirements 
of this application. 

Both samples were plated with 60-millionths of 
= over silver plate, and were photographed after an 

our’s exposure to an atmosphere of moist hydrogen 
sulfide. The contacts plated with 24K gold tarnished 
and roughened — those plated with Sel-Rex Bright 
Alloy S-42 their original mirror-bright 
ish. 

Says Cannon Electric Company, Los Angeles: 
“Our brass contacts plated with Sel-Rex Bright Gold 
Alloy S-42 offer exceptional protection against both 
corrosion and friction-wear. Some of the advantages 
we have demonstrated in our own laboratory, and 
what they mean to us, follow: 

“1. Greater Hardness:- Knoop 140-160 for Sel- 
Rex Bright Gold Alloy S-42, compared to only 40-50 
for conventional 24K gold plate. 

“2. Greater Wearability:- The S-42 deposit is 


» STANDARD 24K GOLD PLATE 


smooth and bright. This, in combination with hard- 
ness, means that less force is oe to separate the 
mating halves of the connector...less wear, less 
tendency for galling.” 


“3. Improved Reliability:- Ordinary 24K gold 
plate is quite granular and exhibits considerable 
micro-porosity. Tarnish, corrosion of the base metal 
and early failure in-service of the plated contact is the 
end result. The Bright Gold Alloy S-42, being a 
smoother, far more dense deposit, has demonstrated 
much es protection against tarnish and corrosion 
in all the tests we have performed at Cannon. 

“At Cannon Electric, Sel-Rex Bright Gold Allo 
S-42 has been instrumental in solving wear and tees 4 
problems encountered in connectors used in aircraft, 
and intricate missile and electronic components.” 


The foregoing is just another of our many case 
histories which prove that: “From Missiles and 
Rockets to Misses and Lockets —there’s a Sel-Rex 
Precious Metal Plating Process to help you make your 
product better, more salable.” 


For other case histories, technical information 
and application data, ask for ML-1 


PRECIOUS METALS DIVISION 


SEL-REX CORPORATION 


® NUTLEY 10, NEW JERSEY 


Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies. 
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’ CANNON ELECTRIC improves contact performance | 
with SEL-REX Bright Gold Alloy $-42 
7 were unaffected by exposure to on atmos. 
after only one hour's exposure 
| 
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How | BaW JOB-MATCHED TUBES 


save money on parts subject to corrosion 


With B&W Job-Matched Stainless Steel Mechanical This means you can simplify fabricating procedures, 
Tubing you get: cut production costs and turn out a better product 


.a choice from a wide range of stainless steels with B&W Tubes matched to the job. 
to best fit most combinations of service and 
fabricating requirements 

.. a full range of diameters and wall thicknesses 
in various surface finishes—to reduce machin- 


For complete information about B&W Job-Matched 
Stainless Steel Mechanical Tubing call the local 


ing time, and simplify forming operations B&W District Sales Office or write for Bulletin 
.. consistent dimensional accuracy—which cuts TB-365. The Babcock & Wilcox Company, Tubular 
forming and machining time. Products Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Seamiess and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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October 


Issue this space will 
announce some 
new and important 

developments in 


AUTOMATION 
CONTINUOUS 
BATCH 
ATMOSPHERE 
CARBO-NITRIDING 
CARBURIZING 


FURNACES 


HEATING EQUIPMENT CO. 
CIRC-AIR 3570 FREMONT PLACE, DETROIT 7, MICHIGAN ¢ WALNUT 3.7000 
PIONEERS AND STILL LEADERS IN RECIRCULATION 


iL INDUSTRIAL 
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THE MARK OF QUALITY 


BARBER Increasing the lead— 
COLMAN 


Wheelco helps keep 
instrument efficiency 


Wheelco’s leadership in providing pace- 
setting instrument designs plus the highest caliber field engineering 
insures that the original Wheelco indicator, controller, or recorder 
bought for your process is the best. Equally important we want to 
keep it that way. Assistance in planning and operating a complete 
maintenance program is another reason why it makes good sense to 
specify Wheelco for every instrument need. 


Regional Training Sessions 
— Experienced Wheelco 
instrument engineers con- 
duct training sessions in 
the field to acquaint your 
instrument technicians and 
supervisors with cost-cut- 
ting maintenance ideas 
and newest developments 
in instrumentation. 


Convenient Service Cen- 
ters—Backing up your 
own maintenance staff are 
fully equipped service 
centers staffed by factory- 
trained technicians. Expert 
assistance plus the wide 
use of plug-in components 
and standard elements 
cuts time required for 
major repairs. 


In addition to arranging for factory training of your technicians, your nearby 
Wheelco field engineer will be glad to make an obligation-free survey of your 
instrument needs. Call him today. 


BARBER-COLMAN COMPANY 
Dept. T, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. N, Toronto 
EXPORT AGENT — AD AURIEMA, INC., NEW YORK 
Industrial Instruments ° Automatic Controls ° Air Distribution Products 
Aircraft Controls * Small Motors * Overdoors and Operators * Molded 
Products Metal Cutting Tools Machine Tools Textile Machinery 
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Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON’'S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . 


free trial period — these, together with 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 
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Superex is easily combined with other insulations such as Johns-Manville 
Thermobestos®, J-M 85% Magnesia or J-M Insulating Fire Brick. 


Only Johns-Manville Superex insulation 
performs 3 ways better at high temperature! 


Few industrial products are so outstand- 
ingly superior, or so widely used in their 
area of application, as Johns-Manville 
Superex® Insulation. 

A block insulation formulated of diato- 
maceous silica and asbestos for furnace 
and other applications, Johns-Manville 
Superex brings many advantages to high- 
temperature service—each contributing 
to reduced construction, maintenance 
and operating costs. 

Superex is installed with measurable 
gavings in time and labor! It is easy to 
cut and handle . . . weighs only 2 lbs. per 
sq. ft. per inch thickness . . . available in 


JOHNS-MANVILLE 


a wide variety of large block shapes and 
sizes. At high temperature—the mate- 
rial’s excellent insulating value, thermal 
stability and resistance to shrinkage keep 
fuel costs low. Equally important—Su- 
perex saves on maintenance, too... 
easily withstands the daily abuse of nor- 
mal service. 

Send for your copy of IN-190A, the 
12-page design and technical data bro- 
chure. It lists suggested applications— 
gives complete heat transmission tables 
and performance data. Write for it today. 
Address Johns-Manville, Box 14, N.Y. 
16, N.Y. In Canada, Port Credit, Ont. 


Saves waste. Superex comes in 7 
standard thicknesses from 1” to 4”. 
Other sizes available on order. 


RODUCTS 
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ONE-PIECE 
INTEGRAL CASTING, 
SS. NO WELDED JOINTS 
OR LOOSE PIECES 


26'/. x 34 INCHES 
33 LB TOTAL WEIGHT 


INTEGRAL LUGS FOR 
SUPPORTING PARTS— 
ELIMINATES SEPARATE 
SUPPORTS FORMERLY 
REQUIRED 


AECCo PROPRIETARY 
“CRISS CROSS" 
CONSTRUCTION 


A 
CONTROLLED 


ONTROLLED than 
AECC 


FROM ° 
PROPRIETARY CASTING 


Fabrications! 
gives another example of its ENGINEERING service 


This brazing tray illustrates a typical contribution from AECCo to improved operations for 
our customers. In this instance a 33 |b one-piece casting replaced a fabricated tray and 
auxiliary supports totaling 55 Ibs, or approximately 60%, heavier. The substantial reduction in 
gross weight made it possible to reach production levels otherwise unattainable, in addition 
to gaining the advantages of a stronger and more durable integral casting. 


Advanced designs of this character—producible only by AECCo proprietary 
techniques—continue to pay off in more efficient and lower cost operations in 
the plants of our customers. 


HEAT RESISTANT CASTINGS 


SNGINEERING ¢ CASTING 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. @ TELEPHONE FLEETWOOD 6-2568 
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PRIMARY 
ELEMENT 


At the flip of a switch you can heat ... soak... 
and cool at a preset rate for a preset time with 
L&N’s improved cam type program control! 
Whether your program is linear or non-linear, 
this control will continuously regulate input to 
reproduce your cycle... again and again. 

Heart of the system is the program unit. 
Essentially it’s a motor-operated cam and a con- 
trol slidewire. The cam is calibrated . . . making 
it extremely easy to lay out and cut to any time- 
temperature cycle. Changing a cam to meet a 
new program takes only a minute. For additional 
flexibility, the unit has seven standard speeds... 
permitting a multiple number of programs. 

Other elements in the control system include a 
primary element, a Speedomax® recorder and as- 
sociated control relay, and a final control device. 


Reproduce your time-temperature cycles exactly 
with L&N cam-type program control 


Any change detected by the primary element and 
measured by the recorder is checked by the pro- 
gram unit, which regulates the final control de- 
vice to keep the process on cycle. 

Also available is a motor-operated front set- 
ter type of program control. Recommended for 
linear programs only, this system offers great 
flexibility within the range selected. 

Both types are available for Two-Position or 
proportioning control . . . will regulate input to 
electric or fuel-fired furnaces. 

Can your process benefit from programmed 
heating and cooling? If so, it’ll pay you to in- 
vestigate LEN program control. For more infor- 
mation, call your nearest L&N office, or write 
4927 Stenton Ave., Philadelphia 44, Pa. Ask 
for Data Sheet ND46-33(4). 


NORTHRUP 


Automatic Controls « Furnaces 
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THE ONES THAT WILL LAST (and last, and last!)? 


THOSE MADE FROM CONTINUOUS PROCESS 
ZINC-COATED STEEL SHEETS 


And just why will they last and last? 


The people of the Galvanized Container Industry, always alert to make improvements to 
keep their products the best, can give you a multitude of reasons why. Chief among 
them: the continuous process insures a uniformly applied, corrosion-resistant zinc- 
coating. In fact, the zinc and steel are integrated to form a tight bond for every square 
inch, a durable coating which stands up to any rigorous stress of the fabrication process. 


Continuous process zinc-coating will not chip or flake, no matter how much it is twisted, WEIRTON STEEL 
crimped or lock seamed. It can be worked to the very limits of the steel itself! Your COMPANY 
budget benefits because there is no need for additional coating of any kind. 


WEIRTON, WEST VIRGINIA 
In continuous process zinc-coated steel, there is a stand-out—Weirkote. On your © division of 
production lines and in your products, Weirkote will work for you all of the time. For 


detailed information on the many advantages of Weirkote zinc-coated steel, write today NATIONAL STEEL hy CORPORATION 
for a brochure. Weirton Steel Company, Dept. S-19, Weirton, West Virginia. 
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The secret of a stronger iron casting lies in the com- 
position, the melting and the heat-treating processes. 
Perhaps I should use some other word than “‘secret,”’ 
because the fact is well known today, but in 1925, 
when we started our search for a stronger iron, the 
principle was well known only in respect to steel. 


Our research led us to think that heat-treating could 
improve iron as well. After considerable experimenta- 
tion, we learned how to arrest the malleablizing proc- 
ess to produce an improved pearlitic malleable iron 
... an iron that compares favorably with the proper- 
ties of a good grade forged steel. It is from the words 
“Arrested Malleable iron with Steel-like character- 
istics” that the name ‘“‘ArmaSteel’’ was coined. 


The raw materials and melting process for ArmaSteel 
are very similar to those of our malleable iron . . . the 
major difference being in the heat-treat cycle. In the 
cupola, we melt steel scrap, ferrosilicon, and remelt. 
We add .0025% boron to the charge to assist in 
breaking down carbides during malleablizing. 


Next, the molten iron is tapped into a forehearth 
where it is desulphurized with soda ash. This removes 
small particles of slag and impurities, thus improving 
machinability of the casting. After refining in an 
electric furnace, the iron is tapped into ladles. 


To improve the physical properties on certain cast- 
ings, .007% bismuth is added as a ladle inoculant: this 
stabilizes the carbides during the initial freezing of the 
metal. On heavy castings such as the Pontiac crank- 
shaft, up to .02% bismuth is added. This bismuth- 
boron combination is a new development. 


I mentioned before that the heat-treating of Arma- 
Steel greatly affected its properties. Actually, we use 
several different heat-treatments to produce the 
several ranges of ArmaSteel. All are alike during the 
malleablizing cycle, where the massive carbides are 
eliminated. Malleablizing requires about 20 hours: 
the castings are held at 1750°F. for 10 hours, and near 
the end of the cycle are dropped to 1650°F., after 


CENTRAL FOUNDRY DIVISION 


by Carl F. Joseph 
Technical Director 


GENERAL MOTORS 
CORPORATION 


..... lhe metallurgy of 


which they are air-quenched. Brinell hardness at this 
point is around 300, 


Tempering brings the Brinell hardness down to cus- 
tomer’s specifications. We produce two standard 
Brinell ranges of air-quenched and tempered Arma- 
Steel ... BHN 197 to 241 (3.9-4.3 mm.), and 163 to 
207 (4.2-4.7 mm.). The castings are tempered in a 
recirculating furnace. The harder material is in the 
furnace for a total of six hours and forty minutes, and 
is held at heat for three and one half to four hours at 
1270° to 1290°F. The softer material uses the same 
time cycle but higher heat . . . from 1320° to 1340°F. 


For automobile crankshafts, a special hardness range 
is used. The ArmaSteel is air-quenched and tempered, 
but the tempering is for six hours at 1200°F., which 
produces a harder material (BHN 217 to 269). 


Two other types of ArmaSteel are produced by re- 
heating the air-quenched castings to 1600°, holding at 
heat for thirty minutes, then oil-quenching. These are 
then tempered for three and one half hours at 1170° to 
1190°F. BHN is 241 to 269 (3.7-3.9 mm.) and 269 to 
302 (3.5-3.7 mm,). 


I’ve gone into detail on heat-treating because it has 
such a great effect on mechanical properties. Tem- 
pering directly controls the amount of combined 
carbon in the matrix, and this in turn dictates how 
hard and strong the ArmaSteel will be . . . the higher 
the combined carbon, the stronger, harder, and less 
ductile the casting. Thus, the engineer can choose the 
combination of properties best suited to his applica- 
tion. I can best explain the results of this careful heat- 
treatment by giving you a brief list of the mechanical 
properties of ArmaSteel. 


1. Machinability . . . Because of the carbon nodules in 
the pearlite matrix, the machinability of ArmaSteel is 
generally from 10 to 30 percent better than that of 
steel forgings of the same Brinell. Improvements of up 
to ten times longer tool life and three times more 
pieces per machine have been shown. 


strength and 
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2. Selective Hardening . . . ArmaSteel responds readily cation where this fine finish reduces friction wear to 
to localized hardening, either by flame or induction a minimum. 

methods. A minimum of Rockwell “‘C” 50 is ob- 

tainable on such parts as shifter yokes, rocker arms, 6. Damping Characteristics . . . In both small engines 
and gears. Some applications use the lead immersion and in automotive engines, ArmaSteel crankshafts 
or hot salt bath methods, followed by an oil-quench. exhibit a fine damping capacity that aids quiet 


operation. 
3. Bearing Properties . . . ArmaSteel is such an ef- ” 
ficient bearing material on a hardened steel shaft that 7. Wear Resistance . . . ArmaSteel withstands exces- 
bronze bushings are often eliminated. The automotive sive wear under heavy loads at high speed. 
rocker arm illustrates this excellent non-seizing prop- 


erty in metal-to-metal wear. 8. Fatigue Life... . ArmaSteel has good resistance to 


4. High Yield Ratio . . . The oil-quenched and tem- _‘ftigue, giving maximum endurance and long life. 

pered ArmaSteel has a minimum yield strength of 

80,000 psi and ultimate strength of 100,000 psi, As countless and varied applications have proven, 

making it ideal for highly stressed parts. ArmaSteel is an outstanding engineering material. 
For information on how your product can benefit from 

5. Fine Machine Finish . . . A mirror-like finish can be this modern casting metal, write for our ““ArmaSteel”’ 

produced on ArmaSteel. Diesel pistons are an appli- catalog. 


ARMASTEEL from the standpoint of 
machinability 


ArmaSteel small horsepower en- 
gine crankshafts provide good 
damping qualities and modest cost 
due to excellent machinability. 


ArmoaSteel's adaptability to localized 
hardening pays off especially well 
on these automotive rocker arms. 


Universal joint yokes of Arma« 
Stee! stand up under severe 
stresses to some extent as former 
SAE 1145 or 1151 forgingss 


Because of its excellent wear resist- 
ance, oil-quenched and tempered Arma- 
Stee! with a Brinell of 241 to 269 has 
replaced an SAE steel forging for this 
automotive reverse interna! gear. 
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Pontiac’s conversion to ArmaStee! Crankshafts 
doubled cutter life and speeded up by 50% the 
grinding of main journals. 
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MODEL 30 IRIDITRON 


At Kaiser Steel Corporation’s Fabricating Division 

in Napa, California, one of several Nuclear Systems 
portable radiography machines is brought into position. This 
man is using a light, easily carried Model 30 with an Iridium 192 
source to spot-check plate welds on the bow section of a steel 
barge. The steel is a half inch thick. 

Companies all over the country are saving time and money 
... keeping weld quality high . . . by inspecting with radiography 
machines from Nuclear Systems. 

If you have an inspection problem, Nuclear Systems has a 
safe, portable, economical radiography machine to suit your 
needs. For full information, contact Dept. M-8 at one of our 
sales offices. Also . . . inquire about Nuclear Systems regularly 
scheduled three-day Radiation Health Physics Course — an 
approved AEC licensing aid. 


PHILADELPHIA CHICAGO SAN FRANCISCO 
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NE TESTING EQUIPMENT 


to speed your research programs 


* Dynamic load recorder makes a 
permanent record of fatigue tests 
and stress history of vibrating struc- 
tures. It also provides a check on 
both operator and machine, thereby 
reducing the possibility of errors. 
Especially valuable for longer tests 
where a recording oscillograph would 
require an impractical quantity of re- 
cording paper. In zero to 12 cpm 
range, it plots the complete load cycle 
with one pen; in the 500 to 4000 cpm 
range, dual pens plot the upper and 
lower peaks of the applied dynamic 
load. Chart speeds: 1, 6 and 12 in. per 
hour. For more information, send for 
Product Data 4286. 


Torsion Pendulum. Determine tor- 
sion modulus and damping character- 
istics of plastic materials with this pre- 


cision torsion pendulum. Calibration Self-checking offset yield strength 


curves are furnished for the percent printer speeds production testing—automati- 
crystallinity and density of Teflon* as cally records offset yield strength, extension 
a function of torsion modulus deter- under load, or yield point, together with tensile 
mined by this device. It consists of a strength. Use with any standard B-L-H testing 
pair of calibrated torsion arms which machine. Offset yield indicator circuitry ignores 
are suspended from the specimen and local stress-strain curve irregularities at start of 
made to oscillate by battery-operated test; rejects data where curve does not have a 
electromagnets. Bubble on frame and linear portion adequate to determine slope or 
shockmounted leveling screws permit where an error exists in equipment setup or 
precise adjustment of vertical axis. 


indexes and advances 
For more information, send for Prod- automatically. For more 
uct Data 4181. 


information, send for 
*Du Pont registered trademark Product Data 4285. 


Easy-to-operate axial stress 
fatigue machines (Models AH-5 
and AH-20) are especially suited to 
the testing of bolts, other round 
threaded devices, fasteners, sheets and 
chains. Substantial allowable creep 
permits testing at elevated tempera- 
tures. Alternating and static forces are 
set directly in pounds. Operating con- 
trols and instruments are housed in a 
separate console. Available in two 
models: 5000 Ib. maximum total force 
(tension or compression) with maxi- 
mum alternating force of +2000 Ib.; 
20,000 Ib. maximum total force (ten- 
sion or compression) with maximum 
alternating force of +8000 Ib. For 
more information, send for Product 
Data 4231. 


Look to B-L-H—makers of the best in testing—for all your testing equipment needs. Consult 
your B-L-H representative for information about B-L-H’s broad line of machines and accessories 
for tension, compression, creep, fatigue, impact or torsion measurements. Or write Dept. 2-H. 


BALDWIN :- LIMA: HAMILTON 


Electronics & Instrumentation Division 
Waltham, Mass. 


SR-4® Strain Gages * Transducers * Testing Machines 
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KNOW YOUR ALLOY STEELS... 
This is the second of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 


| | | 


Effects of Elements 
Used in Alloy Steels © 
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To simplify a rather complex subject, 
let’s outline some of the individual 
effects of four leading alloying elements 
used in alloy steels: 


Nickel—One of the fundamental 
alloying elements, nickel provides such 
properties as deep hardening, improved 
toughness at low temperatures, low 
distortion in quenching certain types 
of tool steels, good resistance to cor- 
rosion when used in conjunction with 
chromium in stainless grades, and ready 
response to economical methods of 
heat-treating. 


Chromium—This element is used ex- 
tensively to increase the corrosion- 
resistance of steel. It also improves the 
surface resistance to abrasion and wear. 
It exerts a toughening effect and in- 
creases the hardenability. 


Molybdenum—This element exerts 


a strong effect on the hardenability 
and toughness of steel. It greatly in- 
short-time and 


creases long-time 


strength at high temperatures. 


Vanadium—An element used to 


refine the grain and enhance the me- 


chanical properties of steel. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


A combination of two or more of 


the above alloying elements usually 
imparts some of the characteristic prop- 
erties of each. For example, chromium- 
nickel grades of steel develop good 
hardening properties with excellent duc- 
tility. And chromium-molybdenum 
steels develop excellent hardenability 
with satisfactory ductility and a certain 
amount of heat-resistance. In other 
words, the total effect of a combination 
of alloying elements is usually greater 
than the sum of their individual effects. 
This interrelation must be taken into 
account whenever a change in a speci- 
fied analysis is evaluated. 

Bethlehem metallurgists can be of 
considerable help to you in selecting 
the proper alloy steel for any use. 
These men will gladly give unbiased 
advice on alloy steel analysis, heat- 
treatment, machinability, and expected 
results. Feel free to call upon them at 
any time. 

And please remember, too, that Beth- 
lehem manufactures all AISI standard 
alloy steels, as well as special-analysis 
steels and the full range of carbon 
grades. You can rely upon their quality, 


always. 


Export Distributor: Bethlehem Steel Export Corporation gETH EHEM 


BETHLEHEM STEEL 


Steels that 
“take a shine 
their work. 


...call for Vancoram Ferrochromium! Whether they're bright, 
glittering stainless steels for use “topside” or “‘work-horse’’ constructional steels in 
dozens of hidden parts, Vancoram Ferrochromium Alloys give them the necessary 
qualities of strength, toughness and endurance to withstand brutal punishment. 


To economize without sacrificing quality, choose from the broad range of Vancoram Ferrochromium 
alloys. VCA also produces grades for use in the iron foundry. Ask your VCA representative or write for 
further information applying to your specific requirements. Vanadium Corporation of America, 
420 Lexington Avenue, New York 17, N. Y. + Chicago + Cleveland + Detroit + Pittsburgh 
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Autocar 
NEW 


IN HEAT TREATING? 


this library 
of technical information 
is yours for the asking 


industrial furnaces 


ANDARD RATED 


muffle 


Sc-179 Sc-173 


Surface SURFACE COMBUSTION CORPORATION 
CRORNKSEE® 2377 Dorr Street, Toledo 1, Ohio 


Have Sales Engineer Send Bulletins checked 


00 se-177 sc-173 sc-175 sc-179 
(0 se-772 sc-174 sc-176 sc-178 sc-787 


L 
BALE 
; Sc-172 Sc-178 
| 
< 
SC-171 SC-175 SC-176 
: of special steels and nenterreus metate H 
$c-i74 


F. You' “fed en- 
gineering assistance extremely 
in their application. 


Honeywell has the tools to 


Solve your high-temperature 


THERMOCOUPLES 


For sensing temperatures in the area of 

4000°F. 
New experimental Honeywell thermocouple mate- 
rials like Rhenium-Molybdenum and Rhenium- 
Tungsten measure temperatures as high as 4000°F. 
Great diversity of elements, heads, extension wire, 
protecting tubes and accessories permits you to 
select the thermocouple which fits your application 
exactly. 


SAPPHIRE RODS 
For measuring temperatures to 3600°F. 
Sapphire rods are used as lens replacements in 
Radiamatic pyrometers. They provide accurate 
high-temperature measurement where such mea- 
surement previously could not be made by con- 
ventional means. For example, sapphire rod 
detectors can be inserted between the coils of an 
induction heater or “sight” on a target as small as 
Ye" to deliver precise temperature indication. 
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CONTINUOUS MELT RECORD AT 3000°F 
with the Radiamatic unit (arrow) attached to 
a Stokes semi-continuous vacuum furnace at 
Allegheny Ludlum Steel Corporation, Water- 
viiet(N.Y.) Works. Honeywell engineers worked 
with Allegheny-Ludium to provide a constant 
record of vacuum furnace temperature—with- 
out calibrating rheostats or other complicated 
adjustments. The Radiamatic radiation pyrom- 
eter and engineering know-how solved this 
seemingly insoluble problem. 


measurement problems 


Precise measurement of high temperatures is 
almost an art. Working effectively with tem- 
peratures over 2800°F. calls for an intimate 
knowledge of materials and methods that can 
be gained only from broad experience. Through 
this experience—in every aspect of metal proc- 
essing — Honeywell has developed special tech- 
niques and equipment for measuring high 
temperatures. 


Honeywell offers you the sum total of this 
experience in engineering assistance and an all- 


inclusive line of instruments, special-purpose 
measuring devices, thermocouples and acces- 
sories. Combined, these tools and techniques 
can give you better products and day-to-day 
production economies. 


Your nearby Honeywell field engineer will be 
glad to discuss your requirements. Call him 
today .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 
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‘‘Maybe there’s a steel to do it better... 


ask Ryerson!”’ 


If there is a better steel for your op- 
eration, Ryerson can tell you. A 
Ryerson specialist will assist you in 
solving the problems of steel appli- 
cation and fabrication, too. 
Ryerson strategically located 
plants carry large stocks to meet 
virtually every steel need. That’s 
why the Ryerson specialist will sug- 
gest only the best steel for the job. 


STEEL . . . ALUMINUM 


He can offer you facilities and ex- 
perience to help with design prob- 
lems. 

And as the Ryerson specialist 
works with you on problems of steel 
selection, he will also develop a plan 


for efficient delivery. This means a 
smoothly flowing production line 
while inventory investment is kept 
at a minimum. 

There’s a steel specialist at your 
nearby Ryerson plant ready to 
work with you. So—when you have 
a question of the best and most 
economical steel to use, ask Ryerson. 


RYERSON STEEL 


Member of the <>» Ste! Family 


PLASTICS . .. 


METALWORKING MACHINERY 


NATION'S MOST COMPLETE SERVICE CENTERS IN PRINCIPAL CITIES COAST TO COAST 
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Critical Points 
By the EDITORS 


Should We Go to the Metric System? 


The answer to this question has intrigued and in England were, until very recently, slightly 
deep thinking Americans from both industrial different. Last winter, laboratories in countries 
and scientific fields since the metric system was _ using the English system established the inch as 
adopted by the French in 1801. Now 158 years _ equal to 25.4 mm.; until then, the American inch 
later, Admiral Lewis L. Strauss, our former Act- was 29/10,000,000 longer than the British inch. 
ing Secretary of Commerce, suggests something | While this may not sound like much, it was often 
be done about it. In a talk given before the necessary to convert between English and Ameri- 
American Physical Society in Washington, D.C., can inches for precise measurements. Further, 
last May, he proposes that the director of the there is no interrelation between the English 
National Bureau of Standards organize a group _ length and weight measuring systems as there is 
to assemble all available documents and suggest _in the metric system. 


future plans for conversion to the metric system. Arguments used by Admiral Strauss on behalf 
In many ways, he has a lot of logic on his side. of the metric system are quite impressive. How- 

When you think about it, our English system of ever, most of them are old stuff to scientists who 

measurement is decidedly cumbersome. Fur- have been using the metric system in their labora- 

thermore, it is based on such archaic standards as _ tories for many years. 

the length of a grain of barley (three barleycorns Most of you know that the metric system is 

make an inch, according to England’s King Ed- easier to use. Based on decimals as it is, multi- 


ward II) and the average weight of a grain of _ plication is a simple matter of adding zeroes. 
wheat (7000 of them weigh a pound). Not only | Conversion between scales is made very easy by 
that, but the systems used in the United States interrelations. For example, at standard tem- 
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perature and pressure a cubic centimeter of 
water weighs one gram (weight) and is equal to 
one milliliter (volume ). 

The Admiral elaborates on the system’s con- 
venience with the following remarks, “Most of 
our daily measurement would become more ac- 
curate. Bookkeeping and computational require- 
ments would be reduced. Our international 
trade, our buying, and our selling, and many of 
our international aid and security programs 
would be facilitated”. 

According to him, the changeover in many in- 
stances will be simple because it will merely 
involve a matter of usage. For example, dis- 
tances can be measured in kilometers instead of 
miles. You can be overweight in kilograms 
rather than pounds; after all, the calories you 
count are already in metric units. Your car can 
burn liters of gas just as fast as gallons of gas. 

Incidentally, in some areas, other than scien- 
tific, the metric system is already used. The 
pharmaceutical industry has gone over to it. 
Hospitals also weigh new babies in grams; this, 
of course, requires proud parents to multiply by 
0.002205 so that they can brag about the weight 
in pounds. Such is the illogic of tradition. Cer- 
tainly, a figure like 2040 g. sounds more impres- 
sive than 41% lb. 

Admiral Strauss goes on to say that there are 
two compelling economic reasons for making the 
change. For one thing, our country, through the 
Point IV program, is helping other nations to 
take advantage of modern technology and raise 
living standards. In this work, our experts are 
having trouble in dealing with foreign systems. 
Other nations have difficulty with our instru- 
ments because they are labeled in the archaic 
English system. Also, our foreign trade is hurt 
because we do not produce and label our prod- 
ucts in the metric system. According to the 
A.A.A.S. Committee on metric usage, “We have 
discovered genuine concern (bordering on 
alarm) by experts in foreign trade over the fail- 
ure of our manufacturers and packaging concerns 
to explain contents, dimensions and similar items 
in terms of metric units in catalogs, specifications 
and on labels”. 

Most of you will admit that the Admiral knows 
what he is talking about. We all agree that the 
metric system is much simpler and easier to use 
than the English system. Furthermore, change- 
over in some areas of the economy would not be 
difficult. It’s the other areas that would give the 
trouble. Industrially speaking, the changeover 
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to the metric system would be incredibly hard. 
Take the fastener industry, for instance. Every 
screw, nut, bolt, rivet, nail and other type of 
fastener is measured in the English system. Fur- 
thermore, these items — millions are made daily 
— often fit into holes which must be measured in 
the English system to correspond to the fasten- 
er’s diameter. 

If this doesn’t frighten you, take a look at the 
machine tool field. Large manufactured items, 
such as automobiles, tractors, refrigerators, and 
the like, generally have hundreds of different 
parts. These parts have English dimensions and 
are produced by machine tools which are, in turn, 
built according to English dimensions. One ma- 
chine may make parts for several different as- 
semblies. Conversely, one assembly (a Pontiac 
sedan, for example) might require parts from 
many different machine tools. 

Again, consider controllers. Most thermom- 
eters are Fahrenheit and pressure gages are |b. 
per sq.in. To change the system, not only gages 
but charts for recording instruments would have 
to be changed. Think of the confusion! 

In passing, our industrial system intermeshes 
to such an extent that changeover to the metric 
system could not be done piecemeal. Concerted 
action by all segments of industry would be 
essential. We can't begin to calculate what this 
would cost in time and money. 

Yet, the Admiral’s ideas are not to be taken 
lightly. Universal adoption of the metric system 
would certainly be a boon to world trade. It 
would also simplify life considerably for those 
scientists and engineers who must now use both 
systems. On the other hand, it would cost 
industry a small fortune to make the drastic 
changeover that would be needed. Thus, they 
question whether it would be worth the effort. 

Since we don’t know the answer either, we are 
asking you the question posed in the headline for 
this column on the preceding page. More prop- 
erly, this question should probably be written: 
“Would the convenience of the metric system 
compensate for the cost and trouble of adapting 
to its exclusive use”. Since this is a matter which 
probably concerns most of you in some degree, 
you are likely to have an opinion. We would like 
to hear from you. A simple “Yes” or “No” will be 
enough, but a discussion of the problems or 
methods for changeover would be much more 
helpful. If there is enough interest, we will 
report the consensus of your opinions in our 
International Issue next January. A] 
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Fig. 1 — Pronounced Thermal Fa- 
tigue Cracks in Carburizing Tray 


The Mechanism of Thermal Fatigue 


By H. S. AVERY* 


Metal parts exposed to fluctuating temperatures for long periods 
eventually deteriorate. Experimental work and theoretical analysis 
indicate the cause to be plastic flow induced by expansion 

and contraction during heating and cooling. The effect can be minimized 
by proper design, selection of alloys that combine high hot strength 

with low thermal expansion coefficients, and by 


Tuermar FATIGUE, sometimes called “fire 
cracking”, is considered by some as the principal 
mechanism by which heat resistant alloys dete- 
riorate in use. It is the obvious failure mechan- 
ism of carburizing fixtures (see Fig. 1), and has 
become an important problem in the utilization 
of alloys in steam power plants, heat treating 
furnaces, nuclear power plants, and petroleum 
refining. The basic mechanism of thermal fatigue 
seldom operates entirely alone, but is often modi- 
fied by oxidation, carburization, changes in in- 
ternal structures and other variables. Defects, 
sharp angles, or changes in metal thickness may 
play a part, and service conditions obviously 
have important effects. 

While the mechanics of thermal fatigue have 
been recognized and understood by a few scien- 
tific workers, they have usually been dealt with 
as difficult mathematical problems. A clear ex- 
planation together with experimental evidence 
has been difficult to find. Our purpose is to 
explain this puzzle in a simple way. We will 
show how the mechanism works and point out 
measures that can increase life expectancy. 
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favorable operating conditions. (Q7j) 


Thermal shock is a related condition often 
confused with thermal fatigue. They are not 
the same, though both involve thermal stresses 
that can lead to failure. Thermal shock can be 
defined as a sudden change in temperature. 
Ductile metals respond to thermal shock by 
deformation but seldom break, while brittle 
material is likely to fracture. This would be 
“thermal shock failure”. However, if thermal 
shocks (which are a part of service conditions ) 
are applied repeatedly and there is some struc- 
tural damage, the correct term is “thermal 
fatigue”. 

Thermal shocks can cause thermal fatigue, but 
shocks are not necessary. Repetition of slow 
heating and cooling, if it causes thermal 
stresses, can also produce the same kind of fail- 
ure. It is helpful to think of thermal shocks, 
thermal gradients and temperature fluctuations 
as factors that produce dangerous stresses. These 
induce progressive deterioration or fatigue dam- 
age that leads finally to thermal fatigue failure. 

*Research Metallurgist, Research Center, Amer- 
ican Brake Shoe Co., Mahwah, N.]. 
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Some fundamentals explain these effects. First 
is the fact that solids expand and contract as they 
are heated and cooled. The common heat resis- 
tant alloys used for furnaces increase in length 
from about 1.10 to 1.60% when heated from room 
temperature to 1600°F. Thus, the highest ex- 
pansion is about 45% greater than the lowest. 
Though significant, this alone does not explain 
many of the service observations. 

Yield strength is also important. When a 
metal is compressed or stretched, it will deform 
like a spring until loaded beyond the elastic 
limit. Then plastic flow results, and changes 
the original dimensions. At high temperatures, 
metals become plastic so readily that measure- 
ment of an elastic limit may be difficult. Even 
if one is determined, it may be only an elusive 
figure that is tied to one rate of loading. Further- 
more, as time passes, slow plastic flow or creep 
occurs even though tensile tests indicate that 
the same load causes only elastic behavior. 

Phase changes enter the picture, too. A heat 
resistant alloy usually consists chiefly of a single 
phase, austenite, when it is cast. (With high 
carbon there may also be small crystals of chro- 
mium carbide scattered through the austenite 
matrix.) This austenite is sluggish; carbon held 
in solid solution is reluctant to form free car- 
bides below 800° F. even though the austenite 
is supersaturated. However, at higher tempera- 
tures (especially between 1000 and 1900° F.) 
this sluggishness is reduced and carbides are 
rejected from solid solution. This precipitation 
is important in strengthening heat resistant alloys. 

With cycling temperature, exposure during the 
top portion of the cycle may induce such carbide 
precipitation, thereby raising the yield strength. 
Thus hot strength can increase during a service 
interval. Weakening can also occur if the maxi- 
mum temperature is high enough to redissolve 
precipitated carbides. 


Expansion and Plastic Flow 


The forces of thermal expansion are tremen- 
dous. They will push against the restraint of a 
rigid body, but if it does not yield, their efforts 
will turn inward and the expanding zone will 
become shorter and thicker. 

Expansion and flow are expected upon heat- 
ing, but at the same time, yield strength de- 
creases as temperature rises. At a certain tem- 
perature, depending on alloy and design, the 
yield strength is exceeded by the stresses of 
hindered expansion, and the resulting plastic 
flow has a profound effect. It can be described 
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by following the behavior of a short bar, origi- 
nally free from stresses. Normal expansion upon 
heating would make it longer. However, if the 
end is held in position so that lengthwise expan- 
sion cannot occur, something else must happen. 
The bar expands in thickness and lateral plastic 
flow or upsetting develops. There is also a side 
effect. Since only those stresses above the elastic 
limit are converted to flow, the remainder are 
present as internal compressive stresses. 

Cooling unloads or removes internal stresses. 
After the stress has fallen to zero, further cool- 
ing will shorten the bar if it is free to contract. 
If it is not, tensile stress will build up, and when 
yielding occurs, the bar will stretch, contracting 
in thickness at the same time. The end result, 
when cold, will be a bar of the original length, 
but held so only because of internal tensile 
stresses. Note that, first, flow in compression, 
and then flow in tension can happen. Each tem- 
perature cycle will produce these. Eventually 
such back and forth working of the metal will 
produce structural damage, and fatigue failure 
sets in. Uneven heating can also cause these 
sequences of stress and flow. Surface heating or 
cooling is the rule, with the interior lagging be- 
hind in temperature. 


Experimental Verification 


To demonstrate the validity of the stress and 
flow patterns described above, special apparatus 
was built. With this device, a bar is positioned 
in a very heavy frame, and screwed into strong 
grips that place another “weigh bar” in series 
with it. The setup is clamped rigidly at each 
end. The weigh bar carries strain gages that 
activate a recorder to measure stress. A gage 
length of reduced diameter is provided in the 
specimen bar; this zone is heated. Now, refer 
to Fig. 2 and follow the sequence of events as 
the specimen is heated and cooled. 

The specimen is clamped into position at 
500° F. When the power is increased in the 
small furnace around the gage length zone, the 
gage length* heats and the bar tries to lengthen. 


*Incidentally, the entire bar column (test bar, 
connection grip and weigh bar) is about 35 in. long, 
but only about 5 in. of this is heated. The expansion 
of this part compresses the rest of the bar, but the 
total length remains constant. In the weigh portion 
this compression is all elastic, so that strain gages can 
measure the stress that develops. The heated gage 
length has a thermocouple attached. This connects 
to a recorder and to the furnace control, which in 
this instance was set to shut off at 1800° F. and to 
turn on at 500° F. 
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Fig. 2—Temperature and 


Stress Curves for Typical Ex- ik 
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But being rigidly clamped, the force compresses 
the bar elastically. The specimen is now heating, 
and reaches 1800° F. after about 40 min. 

At the same time, stresses can be followed 
on the dashed line. Beginning at zero stress 
and zero time, compression stress builds. For 
20 min. this stress is elastic and increases stead- 
ily to nearly 40,000 psi. at about 1300° F. 

The yield strength of metals decreases with 
temperature rise. When the build-up of stress 
reaches this yield strength, plastic flow sets in 
and prevents any further internal stress. The 
decrease in yield strength shows on the stress 
curve as a steady fall of stress from 20 to 40 min., 
as the bar heats from about 1300° to 1800° F. 
Plastic flow appears as a slight thickening or 
barrelling of the gage length. 


Contraction Induces Stresses 


At 1800° F., power is shut off. The hot zone 
of the bar contracts; this being a movement 
opposite to elastic compression, the internal stress 
is reduced. The stress returns to zero at about 
1640° F. Below this, contraction is hindered, 
and the shrinking gage length stretches the re- 
mainder of the bar column. Stress in tension 
steadily develops. At first it is elastic, but, when 
the yield strength is reached, flow again occurs, 
this time to produce extension of the gage zone. 
By the end of the cooling cycle, the tensile stress 
has risen to about 75,000 psi. (The yield 
strength is normally below 40,000 psi.) 

At 500° F. the furnace starts heating again 
and the bar tries to lengthen. This operates to 
relieve elastic stresses. Slightly less than 20 
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Structural Damage in Tension Stress (Read Left) 
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min. after heating resumes, the bar has reached 
about 1300° F., and the tensile stress has fallen 
to zero. (Note: On this second cycle, zero stress 
occurs at 1300° F., whereas it was at 500° F. 
when the test started. This profound change is 
the result of the plastic flow that occurred.) 

As heating continues, the earlier sequence is 
repeated: elastic compressive stress builds up, 
the yield stress is exceeded, and flow reduces 
stress until the maximum temperature is reached. 
In this cycle, the maximum compressive stress 
is lower (about 22,000 psi.), but the stress at 
1800° F. is about the same, and corresponds to 
a yield strength at this temperature. There is 
less plastic flow because the zero stress tempera- 
ture is higher than for the first cycle. Subsequent 
cycles are very similar to the second. 

Concerning this particular specimen, compara- 
tively large amounts of plastic flow occurred, 
causing failure after three cycles. By changing 
the test conditions (for example, by thickening 
the gage diameter to reduce unit stresses), the 
flow on each cycle can be reduced and the 
number of cycles to failure increased. 


Discussion of Tests 


Looking carefully at this sequence of events, 
it is evident that plastic flow is chiefly responsible 
for thermal fatigue. After the first stabilizing 
cycle, compressive flow occurs over a fairly nar- 
row temperature range. If test conditions were 
changed so the maximum temperature was about 
1550° F. (instead of 1800° F.), compressive flow 
would be substantially avoided and long life 
despite cycling could be predicted. 


Another aspect concerns service life of furnace 
parts. If experience and design are such that 
furnace parts operating up to 1550° F. give good 
service life, but are working very close to the 
temperature at which plastic flow can occur, 
a moderate increase in the top temperature 
might cause a sharp drop in life expectancy. 

The relation between ordinary metallurgical 
fatigue and thermal fatigue is perhaps now clear. 
Alternate stressing, when plastic flow occurs in 
both tension and compression, will cause failure 
at normal temperatures. Cyclic temperatures, 
when the resultant tensile and compressive 
stresses each produce flow, likewise can cause 
failure. 

Other factors also affect thermal fatigue. There 
are metallurgical complications that require 
much additional study. Design is important. 
Heat transfer, which controls the temperature 
gradient (and thus the expansion differentials 


On the Cover | How to Tell 


Recentty, THE EDITOR toured the plant of 
Joseph T. Ryerson & Son, Inc., in Chicago and 
this month’s colorful cover shows one of the 
many scenes which he viewed. It illustrates 
a rack of bars which have been systematically 
color-coded. The Ryerson people made several 
color transparencies for Metal Progress to con- 
sider as a front cover subject and this one was 
selected as the most colorful. We think you will 
agree that it makes the grade in grand style. 

The revised and improved color code de- 
veloped in 1956 by Ryerson can be expanded to 
include any new steels, the company said. Each 
color has a definite meaning in the system. For 
example, single colors identify standard carbon 
and carbon-manganese steels. Carbon content 
is defined by four colors: green (under 0.30%), 
blue (0.30 to under 0.40%), yellow (0.40 to under 
0.50%) and pink (0.50% carbon and above). 
Thus, 1018 and 1020 are green on one end while 
1035 is blue. If the carbon color is centered as 
a dot on the end, the bar has been heat treated. 
However, centered dots can be of other colors. 
When they are, they indicate characteristics other 
than analysis, carbon range, or heat treated 
condition. 

Other colors also designate related groups of 
steels. For instance, black is used for the stand- 
ard 4100 series, white for the 4300 and 4600 
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that may cause flow and distortion), is a major 
factor. 

Despite these and other complications, several 
facts stand out. Thermal expansion is basic and, 
other things being equal, a low expansion co- 
efficient helps to increase life expectancy. Both 
the amount of restraint and the range of the 
temperature cycle affect life expectancy greatly. 
Without restraint, expansion is relatively harm- 
less. With restraint, the greater the heating 
range the sooner failure can be expected. There 
can be a critical top temperature (or amount of 
thermal expansion) beyond which flow occurs 
and life is sharply reduced. A higher yield 
strength may raise this temperature. The speed 
of heating and cooling, because it establishes 
temperature differentials, greatly affects the 
amount of stress and flow produced, and this in- 
fluences life. This factor is frequently under 
control of the alloy user. S$ 


One Bar From Another 


Maras 


series, orange for the 8600 and 8700 series, and 
gold for the 6100 and 9300 series. Alloy steels 
generally have two colors, one for the group, 
the other for the carbon content. For example, 
4140 will be black and yellow, and 8620 will be 
orange and green. Purple says the steel is a 
leaded free machining type. Red, in any form, 
indicates a special ground finish. Toolsteels are 
painted full length; other bars are painted on one 
end only. 

Ryerson regards this as a most useful system 
and is using it throughout all of its plants. The 
company says the system also helps its customers 
to exercise better control over material and to 
avoid mixed steels. 
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Reduction of Warpage 


... by Die Quenching of Steel 


The trend to higher strengths has resulted in steel parts which are 


By T. R. BRADLEY* 


too hard to machine or bend after tempering. Thus, dies which hold the part 


Th ts tRve that the heat treat procedure for 
one tensile level is much the same as that for 
another tensile level — except for the final tem- 
pering or aging temperature. However, this 
exception becomes the main factor when we try 
to control distortion. When the tempering tem- 
perature has been high enough to produce a low 
tensile strength (150,000 psi., for example), the 
metal is still soft enough to be machined or 
straightened. As the tempering temperature is 
lowered, the tensile strength increases, and these 
operations become more difficult. 

Furthermore, undesirable residual stresses are 
produced, and in some applications these cannot 
be tolerated. The use of heat to aid straighten- 
ing is also limited; temperature must be lower 
than the tempering temperature, otherwise the 
part will soften. Since there is apparently no 
practical way to remove distortion once it occurs, 
some form of warpage control must be used. 


Why Steel Warps 


A steel part warps during heat treatment be- 
cause all zones of the part are not at the same 
temperature at the same time during heating and 
cooling. Consequently, the various sections of 
the part are not contracting or expanding at the 
same rate. This is most pronounced during the 
cooling cycle, especially if rapid cooling (such 
as quenching into a liquid ) is required. Not only 
does the thermal contraction cause warpage, but 
the transformation to martensite causes addi- 
tional changes in dimension. The growth of 


semi-austenitic stainless steels during transforma- 
tion results in severe distortion of the part. 
Usually, heavy sections are corrected by final 
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in shape during quenching are being used more and more. (J26n; ST, 9-74) 


machining after heat treatment. However, if 
warping can be controlled appreciably, most 
machining operations can be done before harden- 
ing with resultant cost savings. 

Light sections, normally not machined to any 
extent, may present a more difficult problem. 
These parts must maintain their exact contour 
through the hardening cycle, or be contoured 
during the tempering cycle. 


How to Control Warpage 


Warpage can be controlled by three basic 
methods: 

1. Dimensional allowance can be made for 
the growth due to transformation, and all sec- 
tions of the part maintained at the same tem- 
perature during the cooling cycle. 

2. The part can be shaped to contour during 
the tempering cycle. 

3. The part can be physically shaped and held 
while it cools from the hardening temperature. 

Some success is obtained by the first method. 
To reduce distortion in a part, it is often neces- 
sary to increase the cross section of the thinner 
areas so that they approach the thickness of 
the heavier sections. This can be done by 
attaching “heat thieves” or “robbers” (additional 
pieces of steel) with suitable clamps or wedges. 
The cooling rate can also be lowered by raising 
the temperature of the quenching medium. 

The second method requires a fixture, usually 
quite massive, to hold and straighten the part 
during tempering. However, a certain amount 
of warpage control during quenching is still 


*Supervisor, Liaison Engineering Laboratory, 
Rohr Aircraft Corp., Chula Vista, Calif. 
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needed so that the part can be placed in this 
tempering fixture. 

The third method relies on dies or fixtures to 
hold the part in contour during the last phase 
of the cooling cycle. In some instances, the die 
quenches the part, in others, both die and part 


are quenched. 
When Die Quenching Is Feasible 


Before resorting to die quenching, the heat 
treater must consider the quench rate required 
for hardening. As examples, steels 4130, Type 
410 stainless, 4340, H-11, and 17-7 PH (listed 
in order of increasing air hardening characteris- 
tics) are some of the steels that can be die 
quenched. Steel 4130, normally considered to be 
an oil hardening grade, can be quenched by dies 
if the gage is small enough. Of course, the part 
must be transferred rapidly to the die. If these 
criteria cannot be met, a liquid quench is also 
needed. 

Type 17-7 PH represents the other extreme; it 
can be cooled in a die very easily. Within prac- 
tical limits, the cooling rate for 17-7 PH is not 
critical, providing the part is placed in the die 
before martensitic transformation has begun 
(about 200° F.). 

Another consideration, as always, is cost. 
Usually the dies or fixtures are quite expensive. 
Unless a large number of parts are to be pro- 
duced, their cost may not be justifiable. How- 
ever, if this is the only way to control some 
parts, the expense becomes a necessary evil. 


Two Typical Examples 


Figure 1 shows a part, 0.031l-in. gage, which 
is quenched and formed at the same time. The 
material is 4130 steel. A flat blank is heated to 
1600° F. in a furnace, then rapidly transferred 
to a die which is located in a small hydraulic 
press. The die, which is water cooled, quenches 
the part. (Though water cooling is not essential, 
it is used because the die heats up after several 
parts have been formed.) The part is then tem- 
pered to 180,000 to 200,000 psi. 

The dies for this part are quite expensive, since 
matched steel forms, locating pins, and internal 
cooling are needed. However, this was justified 
because a large number of parts were to be pro- 
duced and two forming operations were saved. 
In comparison with other alternatives (such as 
tempering fixtures), the die quench method was 
the most economical. Of course, hand working 
after heat treatment, though possible, is never 
satisfactory. 
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Fig. 1 — Part Which Is Quenched and Formed at the 
Same Time. Made of 4130 steel, this part is heated 
to 1600° F. and quenched with a water cooled die. 
Though dies for this part were expensive, their 
use was justified because many parts were made 
and two forming operations were eliminated 


Another long, narrow part is cooled on a 
fixture which is used for various 17-7 PH parts 
of similar shape. The fixture accommodates 12 
parts at a time. After removal from the trans- 
formation furnace (1400° F.), parts are placed 
on the bottom pad. The top flexible pad is 
lowered and secured to hold these parts under 
pressure until they can be handled with bare 
hands. After refrigeration they are precipitation 
hardened to 180,000 to 200,000 psi. 

These dies are simple. The bottom die 
matches the contour of the formed part, while 
the top die merely serves as a pressure pad for 
holding the part against the bottom die. Both 
dies are made in sections which are held together 
with springs. Tension holds the part in place, 
yet allows enough flexibility for the two dies to 
mate. Since this method of forming is cheap, 
it is used wherever possible. Furthermore, hand 
working is completely eliminated. 

Die quenching is usually chosen for warpage 
control wherever it is economical or where 
straightening after heat treatment is not per- 
mitted. Also, no other way for controlling dis- 
tortion may be possible if the part is complex 
and high tensile strength or low tempering tem- 
perature is required. 

There are many designs where die quenching 
may be applicable. The process is already being 
investigated as a method of controlling warpage 
during brazing and heat treatment of steel sand- 
wich honeycomb structures. Further work with 
ultra-high-strength materials should develop 
some new and novel refinements of die quench- 


ing techniques. rs) 
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Reduction of Warpage 
.. by the Thermomechanical Method 


By H. N. HILL, 
R. S. BARKER 
and L. A. WILLEY* 


Cooling to subzero temperatures and reheating rapidly 
can introduce residual stresses opposite to those produced by 
conventional quenching. This is the basis of a new method 

of stress-relieving aluminum parts of irregular shape. 


A wew way 10 RELIEVE the residual 
stresses in quenched aluminum parts has been 
devised: Quenched parts are cooled to —320° F. 
in liquid nitrogen and then heated rapidly in a 


blast of steam. Since this technique is essen- 
tially the reverse of quenching (the parts are 
rapidly heated, rather than cooled, through an 
extensive temperature range), stresses induced 
by previous quenching are reversed and largely 
canceled out. Already effective with some forg- 
ings, this treatment is expected to be useful for 
stress-relieving irregularly shaped parts that can- 
not be handled by other methods. This will be 
a boon to aluminum fabricators since stress- 
relieving may present difficulties. 


Problems in Stress-Relieving 


To make this clear, let us consider conven- 
tional practices. Many commercial aluminum 
alloys attain their strength through heat treat- 
ment. While the specific treatment depends on 
the alloy, the part is usually quenched in water 
from about 900° F. Stresses occur because the 
surface cools faster than the center, and tem- 
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(J29a, J26q; Al, 9-74) 


perature gradients spread throughout the part. 
When the bath temperature is finally reached, 
these gradients vanish, but in disappearing they 
set up a system of residual stresses. Usually, 
the surface is in compression and the center is 
in tension. Stress magnitudes vary with alloy 
and severity of quench. Solution treatment is 
generally followed by precipitation hardening or 
aging at 250 to 450°F. This treatment further 
enhances the strength but has no significant 
effect on the residual stresses. 

For many applications, the stresses resulting 
from heat treatment are harmless. (In fact, 
where fatigue or stress-corrosion is involved, they 
can be beneficial.) However, when a_ heat 
treated part is machined, removal of metal dis- 
turbs the original stress balance and a new 
balanced system must be set up. When this 
happens, the part usually warps. Since this can 
be a serious problem, material with a low level 
of residual stress must be supplied if it is to be 
machined later. 


*Alcoa Research Laboratories, Aluminum Co. of 
America, New Kensington, Pa. 
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Residual stresses can be relieved py heating 
or by mechanical deformation. However, heat- 
ing is not practical for heat treated alloys because 
temperatures high enough to relieve stresses 
lower the strength. As described in Metal Prog- 
ress, March 1959, p. 112, deformation by stretch- 
ing is regularly applied to products of uniform 
cross section such as sheets, plates and extruded 
shapes. Parts not suited to stretching, such as 
hand forgings and some die forgings, can be 
compressed. Stretching and compressing have 
some minor effects on mechanical properties. 
In irregularly shaped parts where these methods 
are impractical, there was need for a method of 
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2 In 100° F 


After Treatment 
Before Treatment 


Table I — Effect of Reheating Method 


Maximum | REDUCTION 
Cootep | Metuop oF | Tempera- | IN RESIDUAL 


TO | REHEATING | TURE Dir- STRESS 
| FERENCE* RANGEt 
~100° F. | Boilingwater| 10°F. | 19% 
| Boilingwater | 110 19 
-100 | High-velocity| 219 | 48 
steam | 
—320 | High-velocity| 371 82 
| steam | 


* Between surface and midplane. 
tRelated to material not given the thermomechan- 
ical treatment. 


7500 
4000 


-175° F. -250° F. -320° F. 


Fig. 1 — Effect of Cooling Temperature on Residual Stresses of 
2014-T 6 Specimens. As the sample is cooled to lower temperatures, 


the steam blast which follows causes a more drastic reheating. The 
imposed stresses reverse those produced by previous quenching; 


relieving residual quenching stresses, preferably 
one that would have no detrimental effect on 
mechanical properties. 


Principle of “Uphill Quenching” 


It was reasoned that, since residual quenching 
stresses result from thermal gradients introduced 
when the part is being cooled, it should be pos- 
sible to produce opposing residual stresses by 
heating a cold piece rapidly. In other words, 
an “uphill quench” was needed. Residual 
stresses thus developed should counteract and 
cancel the quenching stresses. To be effective, 
such a “quench” would have to produce tem- 
perature gradients large enough to cause local 
plastic deformations. Furthermore, tempera- 
tures should not be high enough to affect proper- 
ties. These requirements suggest cooling to a 
subzero temperature and reheating rapidly. 

The method developed involves an “uphill 
quench” of such severity and applied under such 
conditions as to result in considerable reduction 
in residual stresses, with no effect on mechanical 
properties. It has been labeled “thermomechani- 
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the resultant stress level is thus very low. All samples are 2 in. thick 


cal” to connote that, while the treatment is ther- 
mal, the relief of residual stresses comes through 
mechanical plastic deformation. 

The procedure* is as follows: 

1. After quenching, and before appreciable 
precipitation hardening has occurred, cool the 
part to a very low temperature. 

2. Remove part from the cooling medium and 
immediately blast all surfaces with steam at 
high velocity. 

3. Age the part as prescribed for the specific 
alloy. 

This treatment has lowered the level of resid- 
ual stress in aluminum parts more than 80% 
without changing properties significantly. 


Experimental Work 


Without going into detail, it might be well 
to describe some of the research. Samples of 
2014 and 7075 aluminum alloy plate were 
quenched from the solution heat treatment tem- 
perature, cooled to subzero temperatures and 
rapidly reheated. Best results occurred when 


*Aluminum Co. of America patent pending. 
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Fig. 2— Relation Between Maximum Tempera- 
ture Difference and Reduction in Residual Stress. 
Temperature difference is between surface and 
midplane, and reduction in stress is related to 
material without the thermomechanical treatment 


the specimens were blasted with steam directly 
from the —320° F. of liquid nitrogen. Residual 
stresses were determined by measuring the 
changes in length and curvature which occurred 
when the alloy plate samples were sectioned. 
Description of the state of residual stress in- 
volves both magnitude and distribution. It can- 


not be expressed completely by a single number. 
To simplify comparisons, however, it is desirable 
to have such a numerical expression. For this 
purpose, the range of residual stress is defined 
as that between the stress value at mid-thickness 
and the maximum stress of opposite sign at or 
near the surface. This range of stress is illus- 
trated in Fig. 1. 


Cooling Temperature 


Cooling to — 100° F. followed by rapid reheat- 
ing with steam resulted in a reduction in stress 
level of about 50%. Greater reductions were 
obtained with lower temperatures. The maxi- 
mum temperature difference between surface 
and center increases as the cooling temperature 
is lowered. The close relationship between the 
maximum temperature difference measured be- 
tween surface and center and the reduction in 
residual stress level is shown in Fig. 2. 


Method of Reheating 


Boiling water immersions or hot water jets 
were not adequate for “uphill quenching”. Only 
the steam blast reduced residual stress to the 
desired degree. Two features of the steam blast 
help to attain the required high heating rate — 
the heat of condensation of the steam, and the 


Fig. 3— Equipment for 
Stress-Relieving a Die 
Forging. Tanks in the fore- 
ground are for the cool- 
ants; the steam fixture 
above does the reheating 
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blast which removes the condensate from the 
surface of the part being treated. 

As shown in Table I, the effectiveness of the 
steam blast was influenced by the temperature 
to which the part was cooled. The reduction in 
residual stress was greater when the 2014 
samples were cooled to —320°F. than when 
cooled to —100° F. When reheated by immer- 
sion in boiling water, however, the maximum 
temperature difference between surface and cen- 
ter and the reduction in residual stress range 
were the same whether the sample was cooled 
to —320 or to ~ 100° F. In either instance, the 
reduction in stress range was only about 20%. 


Yield Strength — Time After Quenching 


For the “uphill quench” to be effective, the 
thermal gradient must be great enough to pro- 
duce local plastic deformation in the part. Thus, 
for a given thermal gradient, the effectiveness 
will depend on the yield strength of the material. 
For this reason, the thermomechanical treatment 
must be applied before the yield strength has 
been raised by aging. The treatment is ineffec- 
tive if applied to a parts in the T6 temper. Tests 
also showed that residual stresses could be in- 
duced in annealed material (in other words, 
material without residual stresses) by “uphill 
quenching”. 

It is evident that the thermomechanical treat- 
ment cannot be applied indiscriminately. It is 
intended only for those parts having appreciable 
residual stresses introduced by quenching. 

Recycling was ineffective; the same degree of 
stress-relief could be obtained with one “uphill 
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Residual Stress, 1000 Psi. 
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After Treatment 
Before Treatment 


Fig. 4— Response to Thermomechan- 
ical Treatment of 7075 Die Forging. 
The treatment has reduced residual 
stresses appreciably. Section C is 7/32 
in. thick; the rest are 2 5/16 in. thick 
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thickness 
affected stress-relief in that the thicker material 
was relieved to a greater degree. Tensile tests 
showed that “uphill quenching” did not alter the 
mechanical properties significantly. 


quench” as with five. Specimen 


Application of Method to Die Forging 


Though the laboratory work on plate samples 
had proved that the method would work, it 
remained to be demonstrated on a commercial 
part. Therefore, a 7075 alloy die forging was 
chosen on which stresses had been successfully 
reduced by compression. Figure 3 shows the 
forging and the equipment built for “uphill 
quenching”. One of the tanks in the foreground 
contained a dry ice trichlorethylene mixture for 
precooling, and the other held liquid nitrogen 
(—320°F.) for final cooling. For reheating, 
steam was admitted at the top of the heating 
fixture into a plenum chamber partially sur- 
rounding the part. It reached the surface of the 
forging by expanding through rows of holes 
along the top and sides of the inner wall of the 
chamber. Excess steam and condensate escaped 
through holes on the bottom cover. 

The effect of the treatment is shown in Fig. 4. 
Although relief varies at different sections, 
stresses were reduced considerably in all regions 
where they were high. When these results were 
compared to those obtained on an identical die 
forging which had been relieved by compression, 
stresses were found to be at the same low level. 

On the basis of this success, further work is 
being done to develop the treatment as a com- 
mercial procedure. eo 
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Reduction of Warpage 


by Creep Forming and Die Quenching 


Jet planes are built with large and complex parts made from 


of Nonferrous Alloys 


By JOSEPH SOJA* 


high-strength materials. Often, these parts are difficult to form 
by conventional means and special forming methods must be developed. 


Wirn tHe creat stresses and tempera- 
tures which are generated in today’s fast flying 
aircraft, many problems must be met and solved. 
For one thing, the modern jet plane cannot face 
this tough environment unless high-strength 
materials are used for the large, complex parts 
and sheet metal components. Because such items 
cannot readily be forced into “fit” for assembly 
on the airframe, they must be machined or 
formed (or both) to close tolerances. 

Many assembly problems occur when the first 
(or prototype) airplanes are “hand made” with 
existing or slightly modified equipment. During 
this phase, deficiencies in equipment, manufac- 
turing techniques, and production scheduling 
become apparent. For example, work on proto- 
types at North American Aviation revealed that 
three types of parts could not be economically 
formed to the required contours in the amounts 
needed for production. These were: 

1. Large, integrally stiffened, contoured wing 
panels. 

2. Wing skins with thin, high ribs. 

3. Titanium sheet metal parts. 

In all three categories, only the use of heat, 
fixtures, and forming dies eliminated the costly 
and time-consuming methods needed for close 
contour. We found that the wing panels could 
be formed hot after prestressing (creep forming), 
the wing skins were easily shaped by quenching 
in dies made from metallic shot, and titanium 
sheet could be sized while hot. To illustrate 
this, we will consider each problem and its solu- 
tion under separate headings. 


*Materials and Processing Engineering, North 
American Aviation, Inc., Inglewood, Calif. 
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Three new techniques are discussed. (G-general, T24a; Al-b, Ti-b, 9-74) 


Contoured Wing Panels 


At the beginning, brake forming was the only 
method considered practical for shaping wing 
panels. (The cost of press equipment and dies 
for die quenching would have been prohibitive, 
while the thickness of the parts made shot form- 
ing impossible.) Therefore, the first panels were 
contoured on a large hydraulic press brake. 
Almost immediately, we ran into trouble for 
several reasons. The part cooled rapidly and 
needed many reheats, and the large size made 
handling and checking very awkward. Further- 
more, the irregular shape required special form- 
ing setups, and areas adjacent to the heavy sec- 
tions were extremely difficult to contour. More 
than 24 hr. was needed to form a single part. 

This experience indicated that a new concept 
in forming was required. After much work, we 
evolved a creep forming method which we call 
“prestress hot forming”t. 

Briefly, the part is overcontoured in a jig 
(as in Fig. 1) at room temperature. It is then 
heated to about the artificial aging temperature 
of the alloy. Although stresses introduced by 
jigging are below the yield strength of the mate- 
rial at room temperature, they are above the 
yield strength at the higher temperature. Thus, 
permanent deformation occurs during heating 
and is retained when the part cools. Since form- 
ing temperatures are near the artificial aging 
temperature, and the time at temperature is 
relatively short, 7075-T6 hot formed by this 
process needs no further heat treatment. 

In developing this process, we found that 


+Patent No. 2,724,669. 
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satisfactory contour could be attained by form- 
ing at 350° F. for 45 min. With this cycle, the 
panel springs back to only one third of the 
original overcontour when the clamps are re- 
leased. 

Due to the large mass of the fixtures and the 
radical changes in section thickness, it was diffi- 
cult to maintain a uniform time at temperature 
within the parts. Yield strength varies consider- 
ably with short times at temperature; conse- 
quently, the 350° F. cycle requires extremely 
accurate and careful control at all times. Labo- 
ratory tests, conducted to establish a less critical 
cycle, indicated that optimum mechanical prop- 
erties could be obtained by heating to 275° F. 
However, the holding time increased to about 
90 min., and overcontouring had to be increased 
to five times the desired contour to compensate 
for greater springback at the lower temperature. 

In addition to the complete cycle of 2.8 hr. 
(for two parts), it was occasionally necessary to 
“touch up” the wing panels on the press brake. 
This “touch up” required about 1 hr. for each 
part, and was usually completed before the 
next batch was removed from the oven. Produc- 
tion records for several thousand wing panels 
reveal that only 0.7% scrap can be attributed to 
the new process. 

From the preceding discussion and Table I, 
the advantages of prestress hot forming over 


Fig. 1 — Wing Panel Being Overcontoured for Creep 
Forming. After clamping at three to five times 
the curvature expected in the completed panel, 
the part is heated to the aging temperature for the 
required time for forming. The permanent defor- 
mation which occurs is retained when the part cools 


brake forming of wing panels can be listed: 

1. No additional treatment is required after 
forming. 

2. Contour is more accurate and uniform; 
this aids installation. 

3. Initial equipment cost is lower for high 
rate of production. 

4. Operating costs are lower. 


Wing Skins With Thin Ribs 


Thin wing skins could be formed by either 
prestress hot forming or form die quenching. 
Though the former method was the most desir- 
able, it was difficult to maintain accurate contour 
on thin sections. Die quenching in form dies 
was considered too critical an operation because 
close contours were required in machining the 
part and matching the dies. Experience on 
similar parts indicated that a gap not over 0.004 
in. could be tolerated between the part and the 
die to provide satisfactory properties. It would 
also be difficult to fit thin ribs into the die 
cavity. 

One forming method remained — die quench- 


Table I — Prestress Hot Forming Compared With Brake Forming 


| 
| Prestress Hor Form BRAKE 


| 
Total man-hours per panel 5.8 
Total forming cycle 


85 


| 2.8 hr. for two panels 28.6 hr. per panel 


Equipment required for assumed full | One oven (2 men each), | 20 brakes (3 men each), 
production of 85 panels per week | _ one fixture, one brake 10 heating ovens (2 


| (3 men, | hr. per part) men each) 
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Table Il — Mechanical Properties of 6061-T 6 Plate 


YIELD ULTIMATE | 


| ELONGATION 
| SrrenctH, Psi. | StrrENGTH, Pst. 


| 
_ Lone. | Trans.| Lone. | Trans.| Lono. | TRANS. 


As-received plate (0.875)* | 43,400 44,400 | 46,100 | 48,400 | 11.1% 7.2% 


Reheat treated plate* | 40,900 | 42,700 | 45,200 | 47,500} 12.2 | 78 
Formed partt | 41,400 | 41,400 | 45,300 | 46,100 | 10.4 10.4 
Required | 35,000 42,000 10% 


*Control test plates 


tMachined, form die quenched in metallic shot, and aged. 


ing in metallic shot. In this, a contoured die, or 
punch, forces the part into a cavity filled with 
round metallic shot (usually iron or steel). As 
the pressure is increased, the shot conforms to 
the shape of the part and finally forces it against 
the contoured die. The shot also cools the part 
rapidly so that satisfactory properties can be 
attained in aluminum parts. 

First, we made some preliminary tests to 
determine some of the processing variables. 
Ribbed plates (made of 7075, 6061 and 2024 
aluminum) were machined, heated to their re- 
spective solution treating temperatures, and 
rapidly transferred to a 4500-ton hydraulic press. 


Fig. 2—This Wing Skin 
Has Been Formed by Die 
Quenching in Shot. The 
thin, high ribs make this 
part difficult to form 
by conventional methods 


Fig. 3 — This Form Is _ 


Used for Shot Quench- 


Nesting Ring Spring Loaded 
ing. Only one accu- ke | nS 


rately formed die is 
needed for this method 


Steel Shot Container 


After applying pressure and allowing the parts 
to cool, they were remeasured, aged, and tensile 
specimens were pulled to fracture. 

Several processing variables became apparent 
during these tests. 

For example, when the transfer time from the 
furnace to the die did not exceed 19 sec., the 
mechanical properties were satisfactory. A dwell 
time which allowed the parts to cool below 
200° F. was long enough. Press pressure was 
not critical. (However, it should be enough to 
insure intimate contact between the die, part 
and shot.) The machining tolerances of both the 
die and part had no appreciable effect on either 
the mechanical properties or con- 
tour. (This is a major benefit since 
the single die can be machined to 
standard tolerances.) Finally, the 
size and type of shot had no appre- 
ciable effect on either the mechanical 
properties or contours of the com- 
pleted part. 

One drawback was the erratic 
growth revealed by measurement of 
the parts. This was due to: 

1. The applied pressure, which 


Kirksite 
Male Die 
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varied from 3000 to 10,000 psi. on the surface, 
resulted in a variation of the restraining pressure. 

2. Orientation and rib thickness influenced the 
growth of the part. When the ribs were parallel 
to the contour, growth was slightly greater than 
when the ribs were transverse to the contour. 
The heavier the section, the greater the growth. 

3. Growth of the parts was inversely propor- 
tional to the yield strength of the alloy at tem- 
perature. As a typical example of what can be 
done, consider the large part shown in Fig. 2. 
Containing numerous thin, high ribs which made 
it difficult to form by conventional methods, it 
was satisfactorily formed in metallic shot (Fig. 3). 
Table II shows that mechanical properties in 
the die quenched part were adequate even 
though transverse elongation was below speci- 
fication limits in the control test plate before 
and after heat treatment. 

Some of the attractive features of forming by 
die quenching in metallic shot are: 

1. Reduced tooling costs — This process does 
not require matched tooling to the +0.004 in. 
usually necessary for form-quench dies. Only 
the punch portion requires a smooth contour. 

2. Matching tolerances are eliminated — Ac- 
curately matched dies are not required, and 
therefore the discrepancies always present be- 
tween part and die are nonexistent. 

3. Part shapes are practically unlimited —In 
shot die quenching, the thickness of the skin or 
height of the stiffeners has no apparent limit. 

4. Size limitation — Size of part is limited by 
the equipment available for forming. 


Contouring of Titanium Sheet 


There are three stages to the history of the 
final contouring of titanium sheet. At the begin- 
ning, sheet metal parts were finished by hand 
working. This was time-consuming, costly, and 
resulted in much scrap. Next, sizing fixtures 
weighing up to 2000 lb. were used. The part 
was clamped in the fixture and placed in an oven 
for 1 to 6 hr. for finishing. Since this method 
was still quite costly, more research was done. 
This led to the third stage —the “hot sizing” 
method developed at North American Aviation. 
The hot sizing press is an overgrown “pants 
presser” with side rams. This press contains a 
hinged lid which applies a 300-ton vertical pres- 
sure on the part, and horizontal rams that apply 
a side pressure of 75 tons. The electrically heated 
platens in the lid and press bed can heat the 
dies to 1400° F. 

The sequence of operations for sizing parts of 
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titanium sheet is as follows: 

1. Preform (drop hammer, stretch form, hydro- 
form, and other methods). 

2. Place the cold part on a hot die in the 
press and apply pressure. 

3. Maintain pressure for 5 to 10 min., depend- 
ing upon gage thickness and contour of part. 

4. Remove the part from the press and cool 
uniformly without restraint. 

This sequence, with minor variations, usually 
produces satisfactory parts. 

Alloys of low and intermediate strength (A 55 
and A70 for example) can readily be sized 
between 900 and 1050°F. However, the high- 
strength alloys (A 110 At and annealed 6% Al, 
4% \) require higher temperatures (1200 to 
1400° F.) or longer holding times, or both. This 
results in surface contamination and die prob- 
lems. In addition, if the age hardenable alloys 
(4 Al, 3 Mo, 1 V and 6 Al, 4 V) are hot sized for 
prolonged periods above the aging temperature 
(950° F.), mechanical properties are lowered. 

A review of the problems associated with these 
high-strength alloys indicated that an intermedi- 
ate sizing temperature was desirable. Why is 
this? Well, hot sizing and die quenching restrict 
the normal thermal expansion or contraction of 
the part. This redistributes the stresses, putting 
them in equilibrium so that little or no move- 
ment occurs when the pressure is released. 

However, existing equipment could not exert 
sufficient pressure on larger parts to prevent 
thermal growth. Handling problems and die 
costs argued against die quenching. We de- 
cided, therefore, to investigate a new concept — 
“compression” forming. If a sheet metal part 
could be restrained to prevent thermal expansion, 
this might produce a straightening effect at inter- 
mediate temperatures (900 to 1000° F.). 

We began the work on single-angle dies with 
restraining end plates. The dies were heated to 
about 900° F. between hot platens in a hydraulic 
press. Then, we put the part on the die, and 
applied enough pressure to hold it flat for 15 
min. In these tests, the thermal expansion was 
restricted in varying degrees to determine the 
effect of restraint on the final contour. 

Preliminary data have shown the idea to be 
practical. Compressive forces can be applied by 
restraining gutters or stops in hot sizing dies, 
or by exerting enough pressure. Surface con- 
tamination inherent in sizing at high tempera- 
tures will be eliminated, costly die steels will 
not be needed and a great variety of high- 
strength alloys can be sized. Se 
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Copper-Titanium Alloys 


Strength exceeding 200,000 psi. can be reached with a new copper alloy 


Have High Strength 


By M. J. SAARIVIRTA 
and HOWARD S. CANNON* 


containing 4.3% Ti. After solution treating, the alloy can be cold worked 
more than 90%, Subsequent aging develops the properties. 


Copper 1s one of the world’s oldest metals, 
titanium one of its newest. Both possess proper- 
ties that make them extremely useful in today’s 
industry. Now, these two elements have been 
combined — and a new high-strength alloy has 
emerged. With 4.3% Ti added, copper has a 
tensile strength above 200,000 psi. after cold 
working and precipitation hardening. Marketed 
under the trade name “Amtite”, this alloy is now 
being used for electrical conductor plates and 
springs, and as a clamp die material in welding 
machines. Development is progressing rapidly, 
and many more applications are expected in the 
near future. 

Strictly speaking, this alloy is not new, but 
the early investigators ran into several 
roadblocks. Titanium was first added 
to copper in the 1930's, but the alloys 
were never commercialized despite 
the high strength achieved. The cost 
of titanium along with the lack of 
facilities and techniques for handling 
reactive metals undoubtedly contrib- 


1100 


(Q27a; 2-60, 2-64; Cu-b, Ti) 


per-rich end of the Cu-Ti system. Raw materials 


used are listed in Table I. All physical proper- 
ties were determined on alloys prepared from 
oxygen-free, high-conductivity copper and Cu- 
Ti master alloy. Only comparative hot workabil- 
ity tests were made with the other materials. We 
melted 4-lb. heats by induction in graphite 
crucibles under a helium or argon atmosphere. 
The alloys, held at about 2240° F., were bottom- 
poured into solid copper molds, 1.3 in. diameter 
by 15 in. long. Fourteen alloy compositions 

* Mr. Saarivirta is senior physical metallurgist, 
Amco Research, Inc., Carteret, N.J. Mr. Cannon, 


formerly supervisor for Amco Research, is now with 
Continental Can Co. 


Fig. 1 — Solid Solubility of Titanium in Copper 


uted to this neglect. In recent years, 900 ies Pome 

these barriers have been removed, and 

several new investigations have been 800 

carried out. 5 1400 
Though none of these report the 

ultra high strengths that can be ob- K es for? § 

tained through optimum processing | 200 

of the 4 to 6% Ti alloy, our work has 600 - 

produced strengths as high as 220,000 1000 

psi. They have been developed by 500 4=a+Cu,Ti 

capitalizing on the alloys’ capacity to 

work harden extensively if prepared ja 800 

correctly. = 1 2 3 4 5 6 7 


We began by determining the cop- 
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were made; they contained from 0.20 to 6.79% 
Ti. To determine the phase diagram, samples 
were solution annealed at 1650° F. for 20 hr., 
quenched to room temperature, and rapidly re- 


Table I — Raw Materials 


cu | | 
Oxygen-free, high-conductivity copper 99.99% | 0.0001 %  <0.0002% 
Fire-refined tough pitch copper 99.92 | 0.03-0.05 
Electrolytic tough pitch copper 99.95 | 0.03-0.05 
Phosphor deoxidized copper = 0.015-0.03 | 
Cu-Ti master alloy 72 | — | _ 28 


Fig. 2— Cast Structure of Copper (4.3 Ti.) Etched in KzCr,0;; 750 


Fig. 3 —“Pearlite” Structure of Heat Treated Alloy. Reheated at 1100° 
F. after annealing and quenching. Etched in K,Cr,0;; 100x 
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heated to the desired temperature. After hold- 
ing 2 hr. at temperature, they were quenched and 
examined microscopically for phases present. 
As the resulting diagram shows (Fig. 1), maxi- 


mum solid solubility occurs at 
about 6% Ti. The microstruc- 
ture of cast 4.3% Ti alloy is 
shown in Fig. 2. Alloys con- 
taining over 4% Ti develop a 
Widmanstaetten structure aft- 
er heating at 1470° F., while, 
as shown in Fig. 3, a structure 
very reminiscent of pearlite 
is observed after heating at 
1100° F. The latter structure 
forms only between about 
930 and 1150°F. and grows 
outward from the grain 
boundaries. Since there was 
no visible precipitate below 
840° F., the solubility of ti- 
tanium in copper at low tem- 
perature was estimated by the 
alloy’s response to heat treat- 
ment. The 0.34% Ti alloy 
shows no age hardening re- 
sponse while the 0.72% alloy 
does (see Fig. 4); consequent- 
ly, the low-temperature solu- 
bility limit can be placed at 
about 0.5% Ti. 


Workability 


Copper-titanium alloys can 
be readily hot and cold 
worked when prepared in 
a high-purity form. During 
melting and casting, the alloy 
must be protected from con- 
tact with air. Even more im- 
portant, a high-purity oxygen- 
free copper must be used as a 
starting material. We proved 
this by making alloys from 
the four types of copper 
shown in Table I; each con- 
tained about 4.3% Ti. After 
machining about 1% in. from 
the diameter of the 1.3-in. 
rod, each alloy was preheated 
for 2 hr. at 1650° F., then hot 
rolled to reduce the cross sec- 
tional area 10 to 20% in each 
pass. 

Alloys prepared from oxy- 
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Temperature, F. Fig. 4— Effect of Aging on Several 
0 200 400 600 800 1000 1200 Copper-Titanium Alloys. These alloys 
| | were cold drawn 84% and aged 2 hr. 
| 


210 | | 


range increases. Alloys containing 


be more than 5.8% Ti could not be hot 

° 5.00% Ti rolled without cracking. Below 5.8%, 

190 ! hot working becomes progressively less 
a | 


difficult, and below 3% Ti, no cracking 
takes place regardless of the tempera- 
ture used, 

A 9-in. length of 4 by 4-in. wire bar 
containing 4.3% Ti was hot forged to a 


170 4.30% Ti \ 
s 


4.05% Ti . 


w 


Z 3.37% Tj | 2 by 2-in. bar without difficulty. How- 

8 ae ee ever, since the cast crystals in the cen- 

= 130 SFonn | ter were not completely deformed, 

£ further reduction is necessary to pro- 

| duce a homogeneous recrystallized 

+ Copper-titanium alloys can be cold 

worked extensively without cracking if 

"= they are first solution annealed. After 

O.72%T | such a treatment, 0.250-in. and smaller 

70 ¥.034%T gage material can be cold worked over 

90% without failure. This ability to 

absorb large amounts of cold deforma- 

50 \\ tion is important because work harden- 

ing contributes more to strength than 

| hardening. Table II com- 

30 100 300 500 F00 pares hardening treatments for the 4.3% 
Temperature, °C. Ti alloy. 


gen-free high-purity copper could 
be hot rolled down to the desired 
0.285-in. gage without difficulty. 
However, alloys prepared from 
the other types of copper exhib- 180 . 

ited surface cracking during the 
first pass, and frequently split 
down the center on the second x 

pass. A microscopic study showed Tensile Strength 
relatively few inclusions in the 
oxygen-free copper alloys, but 
many inclusions were observed in 
the other alloys. These inclusions 
evidently are formed as a result 
of the reaction between titanium 
and various impurities in the cop- 
per base. 

In general, the hot working re- 
gion of alloys containing up to 80 4 10 
6.13% Ti extends from the solidus 
temperature to about 200° F. be- 
low the solvus temperature. As 60% 2 


0 1 2 3 4 6 
titanium lessens, the hot working Titanium, % 


Fig. 5 — Properties of Copper-Titanium Alloys Aged at 850° F. 


In. 


30 


Elongation, % in 2 


20 


Tensile Strength, 1000 Psi. 


Electrical Conductivity, % |.A 


AUGUST 1959 


| 


The response of these alloys 


Table LI — Effects of Working and Precipitation Hardening 


to aging at various tempera- 
tures is shown in Fig. 4. All 


PRECIPITATION Heat TREATMENT* 


CoLp As Drawn AFTER DRAWING 
alloys were solution annealed 
for 2 hr. at 1650° F., quenched TENSILE a TENSILE | eae 
and cold drawn 84% prior to |_ STRENGTH | __ STRENGTH | 
aging. The 0.20 and 0.34% Ti 0% 70,000 psi. | 33.0% 130,000 psi. | 16.0% 
alloys give no indication of | = 
precipitation, and the others 53 140,000 | mp 166,000 ro 
attain their maximum strength 75 164.000 18 | 197,000 | ee 
after heating at about 750° F. 85 | 152,000- | nil | 210,000 nil 
This optimum aging tempera- | 164,000 | | | 


ture is about 200° F. higher 
than that used in aging other 
very high-strength copper 
alloys. 


15% 


Results of Overaging 


Elongation and electrical conductivi- 
ties were determined after aging at 
750° F. Though the high strengths 
were impressive, improved ductility 


*2-hr. treatment at temperature giving highest tensile strength: for 0% 
cold drawing — 870° F.; 23% 
- 750° F.; 85% 


840° F.; 39% — 840° F.; 53% — 800° F.: 


750° F. 


Temperature, °F. 


600 650 700 750 


was desired so we tried overaging and 5 
found that 5 hr. or more at 750° F. was ° 
necessary to obtain significant elonga- 210 
tion values. An even greater increase 
can be obtained by treating for 2 hr. 
at 850° F. instead of 750° F. A sum- 2 200 
mary of the resultant properties is 8 
shown in Fig. 5. = 190 
Other Properties 
c 

All of the properties previously re- & 
ported were determined on wire speci- 2 
mens cold drawn from 0.285-in. rod. € 
For further study, the most promising - 170 
alloy composition, 4.3% Ti, was rolled 
into sheet. Since, through slight mis- 
alignment, many of the thin sheet 160 


specimens had a “tearing” fracture, the 
values determined were somewhat er- 
ratic and are, at best, minimum values 
for this alloy. 

Figure 6 shows the change in tensile 
strength and elongation after aging for 2 hr. at 
a series of temperatures for 85% and 94% cold 
rolling. Longer aging of cold rolled sheet 
at 700° F. does not appreciably improve the com- 
bination of properties. 

Several other characteristics were determined 
for this alloy, as follows: 

8.59 
18,500,000 psi. 
41,000 psi., 107 cycles 


Specific gravity 
Modulus of elasticity * 
Fatigue endurance limit * 


Charpy impact strength * 12 ft-lb. 
Charpy impact strength + 5 ft-lb. 


84 


300 


Elongation, % in 2 In 


X= Cold Worked 85% 
Worked 


350 400 450 


Temperature, °C. 


Fig. 6 — Effect of Aging on Prop- 
erties of Cold Rolled Alloy Sheet 


This investigation proves that titanium is a 
very potent strengthener of copper. The rela- 
tively high aging temperature (750 to 850° F.) 
also indicates that these alloys have good high- 
temperature strength and stability. Fatigue and 
impact strength are also promising. =] 

* Solution annealed 2 hr. at 1650° F., quenched, 
cold drawn 56%, aged 2 hr. at 800° F. (160,000 psi. 
tensile strength). 

t Solution annealed 2 hr. at 1650° F., quenched, 


cold drawn 75%, aged 4 hr. at 750° F. (190,000 psi. 
tensile strength). 
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Light Metallurgy 


(The scene opens with the metallurgist seated 
at his desk. His secretary enters with the morn- 
ing mail and places it before him.) 

Secretary: Good morning, Mr. Scott, here is 
the morning mail. 

Meratiurcist: Thank you. (Does not look up.) 

(Exit Secretary. Metallurgist opens the first 
letter and reads it quickly to himself.) 

Mert.: Holy cats! I told them ten years ago 
that we should be working on this. (Calls) Mary, 
please have those two new experts on high-tem- 
perature alloys come into my office. 

Secretary: (Off stage) Yes, Sir. 

(Metallurgist continues to read letter and pen- 
cil notes. Expert No. 1 and Expert No. 2 enter.) 

Experts (in unison): Good morning, Sir. 

Met.: Hi! (Gives wave of hand) 1 have just 
received a letter from our jet engine division. 
They say they are in desperate need of a better 
material for turbine disks. If we don’t come up 
with a new alloy, they say they will close down 
the plant and all go back to farming. We all 
know how much overproduction we have on the 
farms, so you can see how serious this problem 
is. (Experts nod agreement.) This engine is very 
top secret, so they have classified the top operat- 
ing temperature they need. The creep-rupture 
life and stress requirements are also classified! 
The only thing they will tell us is that we can't 
use any strategic material. (Experts show agony 
as the requirements are given.) Well, boys, there 
is the problem. What shall we do? 

Ex. 1: Let’s start at the beginning and find a 
name for the alloy. 

Ex. 2: Good idea! (Pause) Since they want it 
to operate at such a high temperature, how about 
calling it “Helloy”? 


*A dinner in honor of Howard Scott was given by 
his associates of Westinghouse Electric Corp. on his 
retirement (see p. 120), and among the postprandial 
high jinks was a skit entitled “GLIMPSES of HOW- 
ard” wherein the various scenes gave a new and fan- 
ciful insight into his unique methods of developing 
such things as thermostatic bimetals, armor-piercing 
shot, gas-turbine parts (Discaloy), glass-to-metal 
seals (Kovar). The third scene, written by T. W. 
Eichelberger, research engineer in the research labo- 
ratories’ metallurgy department, is reproduced here. 
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The Birth of an Alloy 


Ex. 1: That's the best name for an alloy I have 
heard yet, but you know it would never get by 
the company censors . . . How about calling it 
“Hoypaloy”? 

Ex. 2: Excellent! That has real mass appeal! 

Mert: (Sarcastically) Now that we have that 
settled, how are we going to get a material that 
is strong enough to suit those . 

Ex. 2: They say those new dislocations are what 
make a metal strong. Could we make up an 
alloy using only dislocations? 

Met: (To Expert 1.) How about that? I gave 
you a paper to review just the other day con- 
cerned with dislocations. 

Ex. 1: I went over the paper, but the author 
keeps confusing the issue with mathematics. I 
did find something in a medical book, though, 
which explains dislocations in a much clearer 
manner. They appear to be very undesirable 
from what I read there. So I believe we should 
try and cast up an alloy with everything located. 
Might even call it “Localoy”. 

Met: That looks like too long an approach. It 
would have whiskers by the time we completed 
that project. 

Ex. 2: I still think I had a good idea to use 
nothing but dislocations. We could call it “Dis- 
localoy”. (Turning to Expert No. 1) Why don't 
we work together on the project? You can use 
the metal I throw out and I'll use the dislocations 
you throw out. 

Met: Now wait a minute! We're losing sight 
of the problem. 

Ex. 1: I'll see you at lunch. I have to hurry 
and enter this new alloy in the Patent Disclosure 
Book. (Exit Experts 1 and 2) 

Met: All some guys can think of are those 
patent awards! Guess I'll have to get busy and 
do this job myself. This problem calls for a new 
research technique. (Walks to file cabinet.) Let's 
see. They want a new alloy for turbine disks. 
(He opens file drawer labeled “DIE to DO”. He 
removes special dice from the drawer, puts them 
in a large beaker, and shakes them as he walks to 
the table. As dice are thrown he says): Come 
on, Dolly, how much moly? (Observes dice) 
Ah, 3%! (End of Scene) rs] 
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Steel Strip 


From Ore Without Melting 


A PROCESS FOR MAKING steel strip from iron 
powder is the latest technical development in the 
fight against rising capital equipment costs of 
new steelmaking facilities of the conventional 
type. The new method, announced by Republic 
Steel Corp., Cleveland, at the dedication of its 
Research Center, also has the potential to reduce 
production costs. In the new process, strip steel 
is produced from iron ore without melting; 
normal production operations in coke ovens, blast 
furnaces, openhearths and blooming mills are 
bypassed. 

The Republic process consists of three major 
steps which are illustrated in Fig. 1. First, iron 
ore is purified and then reduced to iron powder. 
The powder is funneled between four rolls where 
it is compressed into a semisolid strip with suffi- 
cient “green” strength to hold together. The 


Fig. 1 — The Sequence of Operations Which Pro- 
duces High-Quality Drawing Steel From Iron 
Powder. Iron powder is compressed into semi- 
solid (green) strip. This is hot rolled, pickled and 
cold rolled to give conventional strip with good 
formability as demonstrated in the test stamping 


Fig. 2— Model Illustrates Operations for Continu- 
ous Strip Production Which Will Be Embodied in 
New Pilot Plant. Powder is compressed into semi- 
solid strip which is heated to 2200° F. in a fur- 
nace. Hot rolling increases the density and re- 
duces the thickness of the strip to the gage required 


compacted strip is heated to 2200° F. in a fur- 
nace with a reducing atmosphere and is passed 
through a series of hot rolling mills. Hot rolling 
brings the compacted powder up to full density 
and gives hot rolled steel which has the same 
quality as conventionally made steels. After 
coiling, the steel goes through the usual opera- 
tions of pickling, cold rolling and annealing be- 
fore being re-coiled or cut into sheets. The test 
stamping at the bottom of the photo in Fig. 1 
shows that strip made from powder withstands 
severe die forming without tearing or cracking. 
Republic has produced more than 1800 Ib. of 
steel strip by the process. Plans are being made 
for a pilot line which will produce strip up to 
12 in. wide on a continuous basis starting with 
powder. A model of the equipment is shown 


in Fig. 2. ) 
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TTS Diagrams 


for Types 304L and 316L Stainless 


By HILMER F. EBLING 
and MERRILL A. SCHEIL* 


Studies of three types of widely used stainless steels 

after being reheated or aged for varying times at various temperatures 
show that their corrosion rates vary widely, 

and that true “stabilization” may be impracticable 

by commercial heat treatments. (R11, R2h; SS) 


Ix an articLe published last month in 
Metal Progress (p. 94) entitled “Corrosion Re- 
sistance of Type 347 Stainless After ‘Sensitizing’ 
Heat Treatments”, the authors presented the re- 
sults of a systematic study of the relationship of 
prior metallurgical history (annealing, stabilizing 
and sensitizing heat treatments) on two com- 
mercial heats of 18-8 Cb stainless steel sheet. 
The results could be assembled in diagrams 
somewhat similar to the well-known TTT (time- 
temperature-transformation ) diagrams prepared 
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for the various engineering steels, and we have 
called them TTS (time-temperature-sensitiza- 
tion) diagrams. It was shown that in spite of 
the intended stabilization by the columbium ad- 
dition, mill-annealed sheet can be eventually 
~ *Mr. Ebling is research engineer in the metallurgi- 
cal research department and Mr. Scheil is director 
of metallurgical research of A. O. Smith Corp., Mil- 
waukee, Wis. This article is the second part of a 
presentation made before the U. S. Atomic Energy 
Commission’s Welding Committee at its meeting in 
Richland, Wash., Oct. 13, 1958. 
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Mill-Annealed Type 304 L Sheet (Heat C) 


Fig. 1 — TTS (Time-Tem- 
perature-Sensitization) Di- 


0.02510 0.050 lpy. agram for Heat C of 
1400 O.050t O.100lpy Type 304L Stainless 
0.100 10 0.500ipy. Sheet in Mill-Annealed 
“ 1300 0.010 to 0.025 Ipy. Condition. Corrosion rates 
7 determined by Huey test 
¢ — boiling nitric acid 
1200 
a 
1100 
= 0.500 to 1.00 Ipy. 
£1000 
Over 1.00 
Less Than 0.010 Ipy. 


1 3.5 10 35 100 


sensitized at any particular temperature above 
900° F. (probably at the lower temperature also) 
and the material will reach a maximum in sensi- 
tization at a characteristic time. After this peak 
is reached and the steel is held at temperature 
longer and longer, the metal will proceed 
through a “self-healing” stage and true stabiliza- 
tion will occur. It has been shown that a prior 
stabilization heat treatment of 1650° F. for 2 hr. 
at heat greatly reduces the maximum sensitiza- 
tion stage which occurs on the commercially an- 
nealed Type 347 stainless. 

In the present article we will present the re- 
sults of similar experiments with two heats (C 
and D) of Type 304 L and two heats (E and F) 
of Type 316 L. Their analyses follow: 

Type 304L Type 316L 


ELEMENT Heat C HeatD HeatE HeatF 


Carbon 0.022 0.026 0.024 0.023 
Manganese 1.04 0.72 1.54 1.40 
Phosphorus 0.021 0.020 0.018 0.018 
Sulphur 0.015 0.020 0.018 0.013 
Silicon 0.34 0.34 0.30 0.32 
Chromium 19.31 18.38 18.14 18.42 
Nickel 9.39 941 13.43 12.62 
Molybdenum 2.50 3.00 
Nitrogen 0.053 0.013 0.030 0.020 


Type 304L 


The first commercial heats of Type 304 L 
were produced shortly after World War II. 
However, it was not until the acute shortage of 
columbium which occurred after the Korean con- 
flict that the very low-carbon Type 304L was 
recognized as material competitive to Type 347 
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stainless. It was not very long before metal- 
lurgists found that it was often easier to weld, 
and no apparent heat-affected zone would be 
found. (At this time there was some concern 
about the “knife-line attack” in welded Type 
347 stainless. ) 

The two heats of 304L used in our aging 
experiments were again chosen at random from 
heats supplied by different producers. As be- 
fore, the test material was commercially an- 
nealed 12-g. sheet with 2D finish. Aging treat- 
ments and corrosion tests were carried out simi- 
larly —in fact, simultaneously — with the Type 
347 specimens. From the corrosion data, it was 
noted that at 700 and 800° F. there is no sensi- 
tization up to heatings for 10,000 hr. At 900° F. 
sensitization occurs between 350 and 1000 hr., 
and at 1000°F. between 35 and 100 hr. At 
temperatures of 1300, 1400 and 1500° F., corro- 
sion rates are of a low order for the times tested 
(100 hr.). 

Heat D of Type 304 L follows a very similar 
pattern. The only differences in corrosion rates 
to be noted from Heat C are the lower corro- 
sion rate occurring at 1000°F. after 100 hr. 
(which is 0.025 ipy. compared to 0.227 for Heat 
C) and at 1100°F. after 35 hr. (which is 0.030 
ipy. compared to 0.440 for Heat C). 

From the data for Heat C, which appears to 
have the lesser resistance to intergranular attack, 
a time-temperature-sensitization diagram was 
constructed, as shown in Fig. 1. This shows, in 
comparison with the curves in the previous 
article on Type 347, an increase in intergranular 
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Fig. 2— Microstructure of Type 304L (Heat C). 
Etched in aqua regia plus cupric chloride. 1000 x 


corrosion resistance for the short-time exposures. 
That is, the curves are shifted to the right. On 
the other hand, it is noted that the curves are 
more closely packed, which indicates that, once 
started, sensitization occurs much more rapidly 
than in Type 347. As far as this heat is con- 
cerned, aging at 1400° F. for the time tested (100 
hr.) did not result in any loss of corrosion resis- 
tance. Aging at 1300° F. showed only a slight 
loss in corrosion resistance (0.016 ipy. max. at 
100 hr.) and even at 1200°F. it required about 
7 hr. at temperature to exceed a corrosion rate 
of 0.050 ipy. 

If one arbitrarily chose 1200° F. for 1 or 2 hr. 
as a sensitization heat treatment to characterize 
the corrosion resistance of Type 304 L heats, 
both of them would look very good when com- 
pared to Type 347. However, it is a mistake 
to assume that the corrosion resistance of Type 
304 L will be better than Type 347 after expos- 
ure to lower temperatures for longer times. As 
an example, in Heat C a sensitization heat treat- 
ment of 1200° F. for 2 hr. will result in a cor- 
rosion rate of 0.010 ipy. compared to 0.050 ipy. 
for Type 347 (Heat B) in the same condition. 
At 1050° F. about 100 hr. increases the corrosion 
rate to about 1 ipy. on Heat C, whereas under 
the same conditions Type 347, Heat B, would 
have a rate of about 0.2 ipy. 

Again, if this corrosion pattern is found to be 
characteristic for all heats of Type 304 L, it will 
be possible to construct a diagram for a particu- 
lar heat by calculation from the chemistry, or 
from a few corrosion tests of well-chosen time- 
temperature relationships. 

“Stabilization” of Type 304 L for 2 hr. at 1650° 
F. is not of any benefit. As a matter of fact, 
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Heated 10,000 Hr. at 1000° F. 
2.05 Ipy. 


the corrosion tests show that sensitization then 
occurs after shorter exposure to the temperatures 
below 1100°F. For example, in the annealed 
stock, Heat D, the 10,000-hr. exposure at 700° F. 
caused no extra corrosion (0.007 ipy.) but this 
jumped to 0.044 ipy. for the “stabilized” stock; 
after 10,000 hr. at 800° F., it was 0.010 ipy. in 
the annealed sheet compared to the 0.064 ipy. 
in the “stabilized”. From the few tests made, 
it appears unlikely that any simple heat treat- 
ment will be an effective stabilizer against inter- 
granular attack. 

The microstructure of Type 304L is shown 
in Fig. 2. At left the annealed stock shows no 
grain-boundary constituents. This microstruc- 
ture is also typical of the material after the 
stabilizing heat treatment. At right is the sensi- 
tized structure (aged at 1000° F. for 10,000 hr.) 
showing that the grain boundaries are badly 
attacked by the etchant. Microstructures of the 
specimens with intermediate corrosion rates 
show a lesser degree of attack, with discontinu- 
ous grain-boundary networks. 

From what was seen of the intergranular cor- 
rosion resistance of Type 304L, it is apparent 
that this material will successfully resist sensi- 
tization from the normal short-time fabricating 
heat treatments. Beyond this, the material has 
no further advantage over Type 347 stainless. 
As much as is known at present, Type 304L 
should not be substituted for Type 347 since it 
cannot be stabilized by heat treatment. On the 
other hand, Type 347 is not much better than 
Type 304 L if used in the commercial annealed 
condition. 


Type 316 L 


Low-carbon heats of Type 316 were also made 
commercially shortly after World War II, and 
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Mill-Annealed Type 316 L Sheet (Heat F) 


Fig. 3—TTS (Time-Tem- 
perature-Sensitization) Di- 


agram for Heat F of Type 
1500 316 L Stainless Sheet in 
Mill-Annealed Condition. 
1400 Corrosion rates after aging 
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it is considered to have the best resistance to cor- 
rosion in service of all the 18-8’s. The molybde- 
num addition increases resistance to pitting, sul- 
phuric and sulphurous acids, and to neutral 
chloride solutions. However, it is not immune 
to intergranular attack in the nitric acid test. 

The two heats of Type 316 L used by us in 
this investigation were from the same producer. 
As before, both heats were commercial 12-g. 
sheet, mill-annealed, pickled and furnished with 
a 2D finish. 

Heat E is quite resistant to damage by aging 
up to 10,000 hr. at 900° F. and up to 350 hr. at 
1000° F., but the corrosion rates are quite high 
after exposure to 1200 and 1300°F. The same 
pattern is established in Heat F as with the 
exceptionally slow sensitization at 900° F. up to 
10,000 hr. High corrosion also results from 
exposure to 1200 and 1300°F. Isothermal sta- 
bilization occurs during heating at 1400° F. 
After 1 hr., a corrosion rate of over 2 ipy. on 
Heat F was obtained. This dropped to 0.58 ipy. 
after heating 3.5 hr., to 0.23 after 10 hr. and 
further reduced to 0.015 ipy. after the time was 
extended to 35 hr. 

A time-temperature-sensitization diagram for 
Heat F is shown in Fig. 3. Comparing this to 


the previous diagrams, it is immediately noticed 
that the curves lie about 100° above those for 
Types 304L and 347. The curves are closely 
packed and lie much further to the left. This, 
then, shortens the heating schedules which cause 
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corrosion rates over 1 ipy. to less than 1 hr. at 
temperatures between 1300 and 1400° F. 

Even at 1200° F. corrosion rates would be in 
the range of 0.1 ipy. after 1 to 2 hr. While this 
temperature would be ideal to establish bench- 
marks for constructing similar diagrams, it is not 
a good temperature to use arbitrarily for some 
corrosion specification. This is one factor which 
underlies some of the controversies over the use 
of the boiling nitric acid test. The 1200°F. 
sensitization temperature used for characteriz- 
ing corrosion resistance of all 18-8 alloys (and, 
in particular, Type 316L) has no reasonable 
explanation in light of the information presented 
in this paper. 

In order to determine the effect of a stabiliz- 
ing heat treatment, aging and corrosion tests 
were made on sheet which had been heated to 
1650° F., held for 2 hr. and cooled at a rate 
equivalent to a 0.75-in. plate. There were very 
little differences between these corrosion rates 
and those obtained on the original commercially 
annealed material. It thus appears doubtful that 
a prior stabilizing heat treatment would have a 
beneficial effect on Type 316 L. 

Microstructures are shown in Fig. 4. At top 
is the typical structure of the commercially an- 
nealed sheet, showing no apparent grain bound- 
ary constituents. In the sensitized condition 
(Micro B) a fine precipitate is seen; it is not 
known whether this is carbide or sigma phase. 
However, after stabilizing at 1650° F. for 2 hr., 
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A—Heat F, Mill-Annealed; 0.005 Ipy. 


Fig. 4— Typical Microstructures of Type 316 L. 
Etched in aqua regia with cupric chloride; 1000 x 


a difference was noted between the two heats. 
Heat E (Micro C) has very little grain-boundary 
constituent, whereas Heat F (Micro D) developed 
a considerable amount, presumably sigma; this 
constituent does not affect the intergranular cor- 
rosion resistance because it occurs as fairly large 
particles which do not form a continuous net- 
work. Furthermore, the temperature at which 
this phase was formed (1650° F.) is high enough 
to allow the chromium to diffuse rapidly into 
the depleted area adjacent to the new phase. 
Micro E represents commercially annealed stock 
of Heat E after being aged at 1400° F. for 100 hr. 
It now also shows large particles of sigma phase 
at the grain boundary, and the corrosion resist- 
ance is also of a low order. 


Summary 


In this investigation, described in this and the 
previous article, we have attempted to survey 
the resistance to intergranular attack by three 
types of chromium-nickel stainless steels. Time- 
temperature-sensitization diagrams have been 
constructed for each of them, revealing the effect 
of time and reheating or aging temperature on 
the corrosion rate in boiling nitric acid —a very 
searching test, in our opinion. These diagrams 
are distinctly different for each type of steel. 
If, upon further work involving many more heats 
of each material, it will be found that these 
patterns persist, each type of stainless steel could 
be characterized by such a diagram. Such a 
general knowledge of the intergranular corro- 
sion resistance of stainless steels would prevent 
the metallurgist or designer from being trapped 
by the result of a single test on a given heat of 
material. 
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B — Heat E, Aged 10,000 Hr. at 1000° F.; 2.29 Ipy. 
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C — Heat E, Stabilized 2 Hr. at 1650° F.; 0.007 Ipy. 
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D — Heat F, Stabilized 2 Hr. at 1650” F.; 0.006 Ipy. 


E — Heat E, Mill-Annealed, Aged 
100 Hr. at 1400° F.; 0.012 Ipy. 
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Biography of an Eminent Living 


Roy Harrison Ledbetter 
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Metallurgist 


From COLLEGE GRADUATION to retirement 
nearly 50 years later, Roy Harrison Ledbetter 
served one company — Tennessee Coal, [ron and 
Railroad Co. in Ensley, Ala.—with a whole- 
hearted interest and singleness of purpose. 

Roy grew up in Anniston, not far from Ensley, 
and attended the University of Alabama, gradu- 
ating in 1906 with a bachelor of science degree 
in chemistry. Immediately after graduation, he 
began his industrial career in the chemical labo- 
ratory of Tennessee Coal, [ron and Railroad Co., 
acquired by U. S. Steel Corp. in 1907 and now a 
division and subsidiary of the corporation. In a 
little over a year, he had charge of the laboratory 
of the Alice blast furnace in Birmingham. 

Three years later, only 23 years old, he became 
superintendent of the furnace until a business 
recession forced a temporary shutdown and he 
was transferred to the Ensley blast furnace. In 
1912, when business picked up again, the com- 
pany decided to reactivate the Oxmoor furnace, 
and Roy Ledbetter was assigned the job of re- 
building and operating the furnace. Given a 
chance to show his mettle, Roy made an out- 
standing record in both quality of iron and econ- 
omy of production, and his ability as a blast 
furnace operator became widely recognized. 

Then in 1916 he was put in charge of the com- 
pany’s Bessemer, Ala., blast furnace, where he 
developed a method of making pig iron from 
100% scrap for metallics and of making a slag 
from dolomite and silica gravel. At this time, 
there was plenty of scrap in the South and this 
method of producing mold iron was much more 
economical than the former importation of low- 
phosphorus iron from the North for making ingot 
molds. 

After eight years as superintendent of the 
Oxmoor and Bessemer furnaces, he went back 
to Ensley as superintendent of the six Ensley 
blast furnaces. In 1930 he became general 
superintendent of the Ensley Works and three 
years later was made general superintendent of 
the Fairfield Steel Works. In 1936 Roy assumed 
the position he held until his retirement — man- 
ager of the department of metallurgy, inspection 


AUGUST 1959 


and research. For several years he supervised 
all products manufactured, and was responsible 
for all development and research; he thus gained 
a wide acquaintance throughout the South with 
steel consumers and their problems. 

His years of experience with Southern blast 
furnaces have made Roy Ledbetter a pre-eminent 
authority on blast furnaces, particularly under 
Southern operating conditions. He has to his 
credit a long list of inventions, one of which is 
the well-known “Ledbetter tuyere”, as well as 
innumerable unpatented innovations and ideas 
that were adopted by his company. 

Many of his inventions were designed to im- 
prove blast furnace operation. He originated the 
direct blast furnace metal process for ingot 
molds using a mixture of molten iron and 20% 
blown metal from a bessemer converter. The 
installation of ship channel guides for the pony 
trucks on skip tracks was his idea and he per- 
fected steel hot blast valves as a substitute for 
bronze valves which required frequent replace- 
ment under dirty gas conditions. He also origi- 
nated the relocation of bustle pipes to give better 
access to the bosh, and designed shields for 
tuyeres for safety. 

Other innovations included a steel twist guide 
for billet mills, with a renewable facing made 
with a wear resisting nickel-manganese steel — 
vast improvement over cast iron guides — and a 
one-piece hot blast valve packing which has no 
threaded parts to become loose and out of adjust- 
ment. He was the first to institute mechanical 
handling of ferromanganese by casting directly 
in removable boxes on railroad cars, thus elimi- 
nating the danger and labor of breaking with 
sledges. 

Roy has two main interests —the steel busi- 
ness and the stock market —and he has been 
very successful in both. 

Since his so-called retirement seven years ago, 
Roy Ledbetter’s knowledge of blast furnace prac- 
tices has been put to good use for he has been 
serving as a consultant for many Southern metal- 
lurgical industries. 


E. C. Wricntr 
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Lithium... the Lightest Metal 


Liaw IS THE LIGHTEST METAL known. 
But for its softness and high reactivity (Fig. 1), 
it would undoubtedly be considered for a struc- 
tural material in aircraft today. As it is, alumi- 
num alloys containing appreciable amounts of 
lithium are being developed now, and are quite 
likely to be in production soon. Lithium aids in 
other ways, too. It increases the mechanical 
properties of steel, nickel, aluminum and other 
metals, and is a convenient grain refiner for zinc, 
aluminum and copper alloys. Furthermore, its 
high reactivity becomes an advantage in remov- 
ing oxygen and sulphur from molten metals. 
Since lithium is a comparatively new arrival 
on the metals scene, little is known about its 
quantitative effects. However, enough informa- 
tion has been revealed by laboratory work to 
indicate that the metal is definitely of value in 
many applications. If nothing else, its unique 
lightness and the many unusual properties de- 
riving from the small and mobile lithium ion are 
interesting features. 


Properties and Production 


Aside from its lightness (half as heavy as 
water, it floats on gasoline), lithium has other 
unusual properties. It is softer and easier to 
work than lead, and has a larger heat capacity 
than any other substance except water, which it 
equals. A silvery luster is apparent when the 
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By F. B. LITTON* 


metal is freshly cut, but tarnishing occurs in a 
short time in ordinary atmospheres. 

Lithium’s high reactivity makes extraction 
from its ores fairly difficult. In current methods. 
the ore —spodumene from pegmatites, in this 
country — is produced to form a water-soluble 
salt, lithium hydroxide. Lithium chloride, ob- 
tained from the hydroxide, is then melted with 
another salt (potassium chloride), added to lower 
the melting point, and electrolyzed. Figure 2 
illustrates lithium being poured. Though purity 
of the metal depends on purity of the salt, com- 
mercial practice produces 99.8% pure lithium. 

Chemically, lithium is quite active, though 
not as reactive as the other elements in Group I. 
It combines readily with hydrogen, oxygen, nitro- 
gen and the halogens. Potentially, it is an excel- 
lent scavenger. 

Aluminum-lithium alloys offer intriguing possi- 
bilities for airframes because of the potential 
structural lightening. Much research is being 
carried on now; in fact, one alloy is already 
in commercial use. That is X 2020 (see diagram 
in Metal Progress, April 1959, p. 96-K), a devel- 
opment of Alcoa.t Containing cadmium along 
*Manager, Metallurgical Research, Research and 
Development Div., Foote Mineral Co., Philadelphia. 

+Eprror’s Norte: An article in a forthcoming issue 
of Metal Progress will discuss the properties and 
fabrication of aluminum alloy X 2020. 
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which can be useful. 


Both the pure metal and its alloys, most of which are still in 
the laboratory stage, have unusual properties 
Its addition to other metals increases 


tensile strength and refines grain size. The metal’s high reactivity 


with lithium, the alloy is 3% lighter than conven- 
tional aluminum alloys. It is said to have a high 
modulus of elasticity (8% above that of alumi- 
num) and to withstand temperatures up to 
400° F. 

The phase diagram (see data sheet, p. 96-B) 
indicates that aluminum-lithium alloys are age 
hardenable. Experimental work, in fact, has 
proven that this is true for alloys with over 2.8% 
Li. In one test, an alloy with 3.3% Li was 
quenched from 1025°F. The tensile strength 
was 36,700 psi. with elongation of 26% and 
hardness of Brinell 59. 

Additions of lithium to magnesium change 
the crystal structure of the latter metal from 
close-packed hexagonal to body-centered cubic 
and thus improve the working properties of the 
alloys. Lithium in magnesium also lowers its 
density. Though the magnesium-lithium alloys 
are not difficult to prepare, high-purity lithium 
is needed because embrittlement results from 
very small amounts of sodium. They can be 
worked at 450° F., and cold reductions of 50% 
are possible. 

Magnesium-lithium alloys have poor corrosion 
resistance and are subject to overaging. Con- 
sequently, much research has been devoted to 
complex alloys, the extra elements being added 
to correct these two defects. The phase diagram 
is shown on the data sheet, p. 96-B 
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makes it potentially a good scavenger in melts. (A-general; Li) 


A small amount of lithium (about 0.05% 


makes lead easier to cast. Furthermore, tough- 
ness, hardness, and tensile strength are improved 
without affecting the ductility. In Germany, a 
lead-lithium bearing alloy known as “Bahnmetall” 
has been used extensively on railway equipment. 
A typical sample contains, besides lead, 0.73% 
Ca, 0.58% Na and 0.04% Li. This alloy has a 
hardness of Brinell 34, compressive strength of 
25,000 to 30,000 psi. at high temperatures, high 
resistance to deformation, and satisfactory wear- 
ing qualities. 

Lithium has also been used to advantage in a 
eutectic alloy with lead, designed to shield an 
instrument from thermal neutrons and secondary 
gamma radiation. This alloy contains 0.69 wt. % 
of lithium, the balance being lead. It has unusu- 
ally high strength, even at elevated temperatures. 
Other alloys can be used for cable sheaths and 
storage battery grids. The data sheet gives a 
Li-Pb phase diagram. 

Though lithium has been used for degassing 
of copper, little has been published concerning 
phase relationships. What is known is illus- 
trated on the data sheet. The Italian scientist, 
Pastorello, also mentioned that the alloys are 
readily attacked by water leaving pure copper. 
A copper alloy with a 1% Li addition has been 
used as a self-fluxing brazing alloy. 

Lithium has been used with silicon for semi- 
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= Fig. 1 — The Density of Lithium Is 0.534 G. 
per ML., Consequently, It Floats on Water, Min- 
eral Oil, Ether, and Gasoline. Though lithium 
decomposes in water (note the rising vapors), 
it does not ignite as do sodium and potassium 


conductors, and with silver for soldering and 
’ brazing alloys. It is claimed that silver solders 
A with lithium have better fluidity and wetting 
“9 action than those without lithium. Some interest 
has also been shown in lithium as a fluxing agent 
a in self-fluxing silver brazing alloys. 
The addition of 0.6% Li to zine produced 
62,000 to 65,000 psi. tensile strength and freedom 
; from porosity in die castings, according to one 
investigation. 


Lithium in the Future 


The ever-increasing interest in high-speed 
flight will inevitably result in a growing demand 
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Fig. 2— Lithium Metal Is Produced Electrolyti- 
cally From a Fused Mixture of Lithium Chloride 
and Potassium Chloride. While still liquid, it 
is ladled from the bath and poured into molds 


for light-weight materials, and the use of lithium 
in structural alloys is one logical approach. Be- 
cause its density is significantly lower than that 
of any other solid element, lithium additions 
will reduce the density of any alloy of which it 
is a component. 

Special research projects on titanium-lithium 
and beryllium-lithium alloys indicate that for 
such applications, cost is not a serious obstacle, 
and there is a possibility that commercially valu- 
able alloys containing lithium may be developed, 
even where weight is not the significant property. 

As the foregoing shows, lithium has many 
interesting possibilities. It should become more 
and more useful in the coming years. i) 
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Inspecting 4615 nickel alloy steel spindle in Greenlee 6- 
Spindle 2” Automatic Bar Machine assembled with collet 


and 4615 steel spindle nose nut. Greenlee Bros. & Co., 
Rockford, Ill., also produces 1” and 1%” bar machines. 


How Greenlee uses two general purpose nickel 
alloy steels to keep precision machines precise 


1...case-hardening 4615 for wearing parts 


Do you know that by varying heat 
treatment of just two nickel alloy 
steels — 4615 for case-hardening, 
4340 for through-hardening — you 
can give desired hardness and 
strength to most heavy-duty machine 
tool parts? 


For proof — consider the Greenlee 
2-inch automatic bar machine above. 


Each spindle is 4615 steel, carbu- 
rized and hardened to Rockwell C 
62-64. The hard case holds down 
wear or loss of running accuracy, 
even though spindles turn directly 
on 5 speed ball bearings. High speed 


torsional stresses are taken in stride 
by the tough, strong core. The low 
distortion characteristics of 4615 
steel during heat treatment help to 
keep true-running accuracy. 

4615 steel also gives the same ex- 
cellent wearing qualities in spindle 
nose nuts, idler gears, bushings 
and sleeves. 


4340 steel strengthens 
highly stressed parts 


Through-hardening 4340 nickel alloy 
steel is the off-the-shelf steel 
Greenlee uses for heavily stressed 


2...through-hardening 4340 for stressed parts 


parts — for example, certain shafts 
heat treated up to 225,000 psi tensile 
strength. 

Stocked in Steel Service 
Centers across the country 
Versatile 4615 and 4340 nickel alloy 
steels are available for quick delivery 
from Steel Service Centers through- 
out the country ... ask us for a list 
of centers where you can buy them. 
Write us, too, for specific questions 

concerning these two steels. 


THE INTERNATIONAL WICKEL COMPANY, INC. 
67 Wall Street she, New York5,N.Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Binary Phase Diagrams of Lithium 
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Careful addition of sulfur to mele guarantees typical 
sulfide distribution, as shown in photomicrograph of 
longitudinal specimen of EZ MACHINING tool steel. 


Sulfur addition to melt held to narrow range 
in Allegheny Ludlum’s EZ MACHINING GRADES 


Uniform, finely-distributed sulfides 
mean uniform machining, uniform high finish, 
uniform long tool life order after order 


Adding sulfur, actually an impurity, to a tool steel 
melt to make it free-machining must be done with 
care and precision. That's why Allegheny Ludlum 
maintains an extremely close average range in adding 
sulfur to its EZ MACHINING grades. But mere 
range, however narrow, is not enough. A-L has 
developed special techniques in adding sulfur and 
nucleating agents to produce the uniform, finely- 
distributed sulfides that characterize good free-ma- 
chining tool steels. 

A-L’s extra care means you can standardize your 
machining operations from piece to piece and order 
to order. This reproducibility is reflected in uniform 
machining; uniform high finish; uniform long tool life. 
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For example, in the production of hobs these 
machining properties in Allegheny Ludlum's EZ 
MACHINING steels minimize the costly “backing 
off” operation for back clearance of multiple teeth, 
eliminating complicated extra heat treatment. Lower 
residual stresses are set up, because the steel has a 
lower resistance to the cutting action. Naturally, 
hobbing is only one of the situations where these 
free-machining characteristics can benefit you. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L repre- 
sentative; you'll get quick service and counsel on 
such problems as heat treating, machining, grade 
selection, etc. Or write for A-L’s publication list which 
gives full data on the more than 125 technical 
publications offered. They'll make your job easier. 
ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Building, Pittsburgh 22, Pa. Address Dept. MP-20. 


ALLEGHENY LUDLUM 


Tool Stee! warehouse stocks throughout the country... Check the yellow pages 
every grade of tool steel... every help in using it 
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Bausch & Lamh Salutes: 
R. D. Buchheit 
J.E. Boyd 
R.E. Gardner 


.. Blue Ribbon Award Winners, 1956 A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD WINNERS 
for the best photomicrographs in 
their class—Messrs. Buchheit, Boyd 
and Gardner, Battelle Memorial 
Institute, Columbus, Ohio. 


THEIR AWARD-WINNING 
PHOTOMICROGRAPHS, MADE WITH 
BAUSCH & LOMB EQUIPMENT— 
“Ultrasonic Weld in Molybdenum." 


Bausch & Lomb Metallographs help industry 
boost output and maintain quality by provid- 
ing detailed magnified images . . . visual or 
photographic . . . for routine work and ad- 
vanced research. 
The B&L Research Metallograph is one of a complete line of metallographic 
equipments. It provides ready choice of four different views of the same sample .. . 
by bright field, dark field, polarized light, or phase contrast . . . 
ensuring complete identification. 
— Find out how these faster, easier, completely dependable 
analyses can help you save on time and materials. Write for 
Catalog E-240, and for complete expert advisory service. 
No obligation, of course. Bausch & Lomb Optical Co., 
63844 St. Paul St., Rochester 2, New York. 


BAUSCH & LOMB 
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New Techniques 


Broaden Forging Picture -I 


By J. H. JACKSON and H. B. GOODWIN* 


Several new forging methods offer much promise. Of these, 


the counterblow hammer, the “impacter”, the precision forging process, 
the “continuous grain flow” process and roll forging 
are discussed in this article. (F22, 1-52) 


Tuere ARE PLENTY of new forging develop- 
ments on the horizon. Some of them are un- 
proven or even controversial, but all give evi- 
dence that there is no stagnation in the forging 
industry. Recent years have seen these impor- 
tant developments: 

* The counterblow hammer 
The “impacter” 
The GFM “precision forging” process 
The “continuous grain flow” process 
Acceptance of roll forging 
“Cored forging” 
Multiple ram technique 
High-energy forming 

Aside from these new and improved forging 
processes, there has been much progress in con- 
ventional techniques. Hammers and _ presses 
continue to become more efficient, and better 
diemaking methods have appeared. It is plain 
that the forging industry is not standing still. 

The first five of the forging developments 
noted above will be discussed in this article. 
The concluding article, next month, will discuss 
cored forgings, multiple ram techniques, high- 
energy forming, improvements in conventional 
equipment, and progress in fundamental re- 
search on the forging process. 


The Counterblow Hammer 


During the 1930's, the Germans introduced the 
counterblow hammer, and built about 350 of 
them to replace steam drop hammers. At that 
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time, limited trials were made here with un- 
satisfactory results. American technical teams, 
which went into Germany after the war, found 
the Germans had progressively developed larger 
and larger counterblow hammers for making 
very heavy forgings. When a large hammer was 
brought here and installed at the Ladish Co., 
heated debate began concerning whether or ao 
this type of hammer is adaptable to American 
forging practice. 

The counterblow hammer overcomes some of 
the factors that limit the power of conventional 
steam drop hammers. The latter can be built 
to about a 45,000 to 50,000-Ib. ratingt; counter- 
blow hammers which can do the work of a ham- 


*Mr. Jackson is manager and Mr. Goodwin is 
consultant, metallurgy department, Battelle Memo- 
rial Institute, Columbus, Ohio. This is the second 
of three articles concerning the present status of the 
forging industry. The first, published last month, 
discussed industrial trends that are likely to affect 
the forging industry. 

+The rating of the conventional drop hammer is 
the “falling weight” or weight of the reciprocating 
parts. Since steam pressure aids in striking the blow, 
the actual hammer energy is about double that of a 
board drop hammer of the same nominal rating. 
While there is no easy way to compare capacity of 
hammers and presses, a 12,000-lb. hammer will make 
forgings that would require a 5000-ton, or larger, 
press. Counterblow hammers are rated in ft-lb.; 
dividing the counterblow hammer rating in ft-lb. by 
8.5 gives the approximate equivalent drop hammer 
rating in pounds. This is based on drop hammer effi- 
ciency of 80% and striking velocity of 26 ft. per sec. 
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Fig. 1— This Counterblow Hammer Can Develop 
Over a Million Ft-Lb. of Energy and Produce Closed 
Die Forgings Weighing Over 20,000 Lb. Accord- 
ing to Ladish, it has three times the capacity of 
any existing conventional single-action hammer 


mer with a 100,000-Ib. rating have been built. 

In the counterblow hammer, the large inertia 
mass needed in the anvil block is eliminated. 
The lower die is mounted on a movable ram 
which moves counter to the upper ram and die. 
The two rams, synchronized by coupling sys- 
tems, meet at the center of their combined 
travel, where the workpiece is held. Because 
both rams are the same weight and moving at 
the same speed, when they strike, the force of 
the blow is not transmitted to the foundations. 

In a conventional hammer, from 10 to 30% of 
the force of the blow may be lost through the 
anvil into the foundations. The heavier the 
anvil, the less energy lost, but the greater the 
size and cost of the installation and foundations. 
Therefore, the anvil weight is a compromise. 
It is often around 18 to 20 times the hammer 
rating (this is known as the anvil ratio) which 
means that the largest hammers require anvils 
weighing some 800,000 Ib. With constant anvil 
ratio, the proportion of lost energy appears to 
increase as hammer size increases. This fact, 
coupled with increased manufacturing, trans- 
portation and other difficulties associated with 
larger anvils, places a practical limit on the size 
of conventional hammers. 

Another reason for limiting hammer size is the 
magnitude of earth shock and the distance 
which it travels. Both become so great that it 
is difficult to find locations where the hammer 
shock will not interfere with other operations. 
In addition, serious problems occur because oak 
fibers in the timbers (over concrete foundations) 
on which hammers are mounted break down. 
When this occurs, tilting of the anvil may result; 
this can, in turn, cause one-sided wear or break- 
ing of the hammer guides. 

The counterblow hammer is said to eliminate 
most of the difficulties. Furthermore, counter- 
blow hammers forge the work equally on both 
sides; it is not necessary to turn the forging. 

Critics point out that customary American 
practice is to forge the work progressively in 
several impressions in the same die, lifting the 
part by a tonghold and laying it in the appro- 
priate impression in the bottom die. Because 
the bottom die moves, this practice cannot be 
followed with the counterblow hammer. 
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In contrast, European practice has customarily 
been to use the impression die hammer for final 
sizing only. Most of the preliminary shaping is 
done on other equipment — often flat die ham- 
mers. There are many large parts where pro- 
gressive impressions are needed to make the stock 
flow properly, and it is questioned whether the 
counterblow hammer is suitable for any forging 
other than those simple enough to be made in 
single-impression dies. Operating speeds and 
possible mechanical difficulties are also criticized. 

As yet, the counterblow hammer has not found 
any large place on the American scene. How- 
ever, one U.S. company is now installing what 
will probably be the largest counterblow hammer 
ever constructed. 


The Impacter 


In the fall of 1952, Chambersburg Engineering 
Co. announced “impacting”. According to 
claims, this new process makes it possible to 
produce many types of parts automatically. 

Essentially, impacting is forging carried out 
in midair. Two opposed horizontal impellers, 
run by compressed air or steam, carry the forg- 
ing dies. Their strokes are timed (by electronic 
controls) so that the two rams always come to- 
gether in the same plane of impact. For forging, 
hot (or cold) stock is suspended between the 
dies and struck on both sides simultaneously. 
In a more recent modification, a finger support- 
ing the stock is retracted just as the impellers 
come together leaving stock unsupported in 
midair just before it is struck. 

Models are built for flat die forging. The 
operator may hold the stock with tongs as in 
conventional air and steam hammer forging, or 
cranes, manipulators and stock positioning de- 
vices can also be used. 

Advantages of the process are: 

1. Shock and vibration are largely eliminated 
because the two opposing impellers have equal 
momentum. No heavy foundation or anvil is 
needed. 

2. Metal is worked uniformly because the 
stock is struck equally from both sides. 

3. Efficiency is increased; nearly all the 
energy is absorbed in the workpiece. Less 
total energy is required than with other forging 
processes. 

4. Contact between stock and dies lasts only 
a few thousandths of a second. This results in 
longer die life and easier forging because the 
piece is not chilled as much. 

5. The working area may be readily enclosed 
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Fig. 2—These Two Parts Have Been Produced 
by Rotary Forging. The smaller part is a main 
drive shaft which is forged from a 3%4-in. bar, 
8 9/16 in. long. Finished length is 16% in. 
The other piece is a landing gear component 
weighing 71 lb. Original billet was 14 in. long 
and 4% in. diameter. Both parts had been pre- 
viously made by machining from bar stock 


and a protective atmosphere provided. 

6. Mechanical positioning is more accurate; 
less stock is required in forging blanks. Mechan- 
ical handling is also safer. 

7. Automatic heating, feeding, forging, and 
discharging of stock are easy to arrange. 


The GFM “Precision Forging” Process 


Brought to perfection in Europe since World 
War II, a new forging concept known variously 
as “precision forging”, “rotary forging”, or the 
“GFM process” has recently been introduced in 
this country. The process got its start in wartime 
German experiments on cold forging the rifling 
into gun barrels. 

In the basic machine, three, four or more 
hammers converge radially on the workpiece 
somewhat as they do in a rotary swaging ma- 
chine. Equally spaced around the workpiece, 
they all strike it at the same time. The process 
differs from swaging in that the end-of-throw 
positions of the hammers are precisely controlled 
and can be varied during the forging process. 
In effect, each hammer is mounted on a solid 
connecting rod driven by an eccentric. Each 
eccentric is itself eccentrically mounted in a 
separate housing. By turning the housing, the 
entire hammer mechanism is moved inward or 
outward with respect to the central axis of the 
workpiece. If all housings are turned at once, 
all hammers move in or out together. 

The outer shape of the forging (which can be 
cold or hot) comes from the shape and setting of 
the hammers. Hammer dies are generally simple 
in design and are easily changed. The work- 
piece is rotated to produce round shapes, but 
other cross sections may be produced without 
rotating the workpiece. The inside can be 
shaped by a suitable mandrel. 

The workpiece is firmly held by a chucking 
head which feeds the work into the machine. 
Hammer settings and chucking head movement 
are positively controlled by a series of templets 
mounted on synchronized indexing drums. Thus, 
the forging cycle is usually completely automatic 
once the operator chucks the piece and pushes 
the starting button. 
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Vertical machines take stock up to 5 in. in 
diameter with forged lengths up to 48 in.; a hori- 
zontal machine which will forge 12-in. diameter 
stock in lengths up to 78 in. has been built. 
These machines can produce forces of 220 tons 
per hammer and operate at speeds of 600 strokes 
per min. An ingenious design prevents the forg- 
ing forces from acting on the control system. 

The two great advantages of the process are 


high precision and high speed. In regular pro- 
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duction, work is finished to these tolerances: 
Hot + 0.012 in. outside 
+ 0.004 in. inside (with mandrel) 
Cold + 0.004 in. outside 
+ 0.0004 in. inside (with mandrel) 
Curtiss-Wright has forged in 40 sec. a work- 
piece having seven outside dimensions and four 
inside diameters plus tapering joints. Rocket 
nozzles have been forged in 30 sec. Heat ex- 
changer tubes, venturi tubes and artillery shells 
have also been made by this process. Costs are 
often considerably below those of other forging 
methods. Figure 2 illustrates two parts pro- 
duced by rotary forging. 


The “Continuous Grain Flow” Process 


Development of the “continuous grain flow” 
(or “CGF”) process began in the 1930's. Diffi- 
culties met in forging locomotive axles at Aciéries 
de la Marine, Saint Chamond, France, led to its 
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Fig. 3— How the Continuous Grain Flow 
Process Works. At the top, the part is ready 
to be forged. Next, the jaws come together 
to make the flange. In the third and bottom 
diagram, the throw is formed. Action 
continues until the crankshaft is finished 


conception by M. Roederer, an official of the 
company, and parts of an experimental machine 
were built. Hidden during the German occupa- 
tion, these were assembled after the liberation 
of France. Since the war, the process has been 
extensively developed in Europe. 

This process is an extremely interesting ex- 
ample of the special forging method devised to 
solve a particular problem. Its principles and 
advantages can be understood by describing its 
operation in producing heavy crankshafts. In 
the CGF process, crankshafts are formed, one 
throw at a time (from bar stock or preformed 
bar) in a special forging machine which is posi- 
tioned in a conventional hydraulic press. (See 
Fig. 3.) The upper member of the machine is 
attached to the moving crosshead of the press, 
and is built so that one downward stroke forms 
one crank throw. When placed in the machine, 
the heated stock is gripped firmly in three places, 
the two journals and the crank pin. As the cross- 
head descends, the outer grips (mounted on 
sliding cranks) move inward. The vertical move- 
ment of the crosshead produces horizontal 
movement of the outer grips through an inclined 
plane arrangement. The stock is upset between 
the outer and center grips. At a certain stage, 
the center grip moves down as the outer grips 
continue to move inward. Upset material then 
forms two webs of the crank. Since they are not 
held in at the periphery, they form an ellipitical 
shape by the natural flow of the metal. 

With preformed bars used for larger cranks, 
no initial upsetting is needed, and the center 
and outer grips start to move at the same time. 
After the first crank throw is formed, the piece 
is moved and the operation repeated as often as 
needed to form additional crank throws. Only 
the portion of the bar to be forged is heated. 

The advantages of the CGF process for making 
crankshafts are: 

1. The fibers in the final forging are oriented 
to give maximum strength to the part, being 
parallel to the axis in the journals and pins, and 
perpendicular to the axis in the webs. 

2. The central axis of the final forging corre- 
sponds to the central axis of the ingot. Thus, 
any unsound metal, which is most likely to be in 
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Fig. 4 — Roll Forging as It Is Prac- 
tised Today. Pedals control start- 
ing, stopping, and reversal of rolls 


the ingot center, winds up in the neutral axis 
of the forging. 

3. Hot twisting, necessary after forging crank- 
shafts in the conventional manner, is eliminated, 
since the various throws are initially formed in 
the correct angular relationship. 

4. Metal is saved because much less has to 
be removed by machining. (One large shaft, 
formerly made from an 8-ton ingot, could be 
made from a 2%-ton ingot by the CGF process.) 

5. There are fewer rejects. 

Small crankshafts are drop forged, and there 
is some debate over the size at which it becomes 
cheaper to use the CGF process. So far as tech- 
nical practicality is concerned, the processes 
overlap. Other large parts can be forged eco- 
nomically by adaptations of the method. 

Critics have emphasized its high capital cost 
and mechanical complexity. Furthermore, once 
the machine is installed in a press it takes con- 
siderable time to reconvert for normal forging 
operations. They also point out that specially 
equipped horizontal presses can upset large 
flanges even better than the CGF equipment. 
However, for certain applications the process 
seems quite useful. 


Roll Forging Is Useful 


In roll forging, in contrast to conventional 
rolling, the metal is worked only part of each 


102 


roll turn. Instead of being round, the rolls are 
flattened on one side, giving clearance space 
between them during part of their revolution. 

Originally, the rolls turned continuously and 
had to be large in diameter because a large gap 
was needed to introduce the stock. When the 
clearance space appeared, the operator thrust 
the stock between the rolls. They gripped the 
stock, reduced it, and ejected it back to the 
operator. Because of the operator's position, 
forging rolls came to be called “back rolls”. 

About 1948, the machine was altered so that 
the rolls did not rotate continuously. Instead, 
they remain stationary in the “open” position, 
and are started when a “trip unit” is actuated 
by the stock as it enters the rolls. As an extra 
feature, these machines are usually provided 
with a foot pedal (see Fig. 4); this aids “jogging” 
during setup. The stop-motion feature means 
that only a small section of the rolls needs to be 
notched for entry of the stock. Thus, most of 
the circumference is available to work the metal. 
Rolls with smaller diameters can be used, and 
larger reductions per pass are possible with a 
smaller, less expensive machine. 

Like rolling mills, forging rolls may contain a 
series of passes (successively shallower grooves), 
the number depending on the total reduction de- 
sired. Each time the rolls revolve to the “open” 
position, the stock is thrust back into the next 
pass. Either all or part of the stock can be 
reduced. If the latter, the reduced section may 
be anywhere along the bar. 

These new stop-motion rolls have been widely 
used to rough out forging blanks intended for 
finishing in closed dies. Without this prelimi- 
nary shaping, it is very difficult to forge a piece 
with both wide and narrow sections from a 
blank of uniform cross section in closed dies. 
Excessive flash and trim losses result. If the 
blank is roll forged first, the metal is disturbed 
in about the right proportions, and only a little 
longitudinal metal movement is needed to fill 
in the dies during final forging. 

Advantages over other forging methods are: 

1. Long, slender sections, with or without 
cross-sectional variations, can be made easily. 

2. Shock and vibration of hammer forging are 
eliminated. 

3. Roll dies last much longer than most forg- 
ing dies. 

4. Scrap loss in flash and trimmed ends is 
reduced. 

5. Production rates of presses or hammers are 
greatly increased by preliminary roll forging. @ 
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Bigger, Better 


and Sounder Forgings 


In an effort to improve the efficiency of large electrical generators, 


By ERNEST E, THUM* 


sizes and stresses have been increased to just about the capacity of 
the “standard” alloy steel forgings. This article outlines 

the metallurgical work being done to remove this very real limitation. 
The behavior of large notched disks, tested to destruction by spinning, 
simulates actual performance. New criteria have been found 

for toughness and ability to prevent cracks from starting and propagating. 


Donne 1953 anp 1954, four massive forg- 
ings for large steam turbine-generator sets failed 
disastrously either in service or in test. The steel 
in three of these had the normal properties of 
a more-or-less standard analysis; 0.30% C, 2.75 
Ni, 0.50 Mo, 0.10 V—the same as had been 
specified for literally hundreds of similar low- 
pressure rotors with long operating history free 
from trouble. The fourth was of a steel used 
for high-temperature service — 1% Cr, 1.25 Mo, 
0.25 V. Two of them were operating at 3600 
rpm. but two at the much more usual speed of 
1800 rpm. Fractures in two of them occurred 
under normal operating conditions — the others 
during a routine check of a trip mechanism at 
less than 10% overspeed. All machines were of 
recent construction. 

This sudden series of accidents led to intensive 
searches by the three American manufacturers 
of large electrical equipment and the four steel- 
makers who are able to produce the necessary 
heavy forgings. A progress report was pre- 


sented late in 1955 to the Diamond Jubilee Meet- 
ing of the American Society of Mechanical Engi- 
neers (and summarized in Metal Progress for 
February 1956). Two failures were apparently 
due to high stress concentrations introduced by 
the design or by a repair, and the two others to 
defects in the steel. 


A study of the original 
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ultrasonic inspection records suggested that the 
latter forgings were passed because the evidence 
was either misinterpreted or minimized. 

This remarkable engineering session of the 
A.S.M.E. ended on a hopeful note. The ultra- 
sonic records of 1500 medium-to-large forgings, 
as plotted in Fig. 1, indicated that the “Arizona” 
rotor which failed in the manufacturer's test pit 
would today have been subjected to supplemen- 
tary tests. Conversely, any forging whose tests 
plot to the left of the “Inner Line” should be free 
from dangerous internal defects. 


The Accident at Pittsburg, Calif. 


Unfortunately, within six months — on March 
18, 1956, to be exact, during routine test of the 
overspeed trip-out—a 22-month-old generator 
rotor at the Pittsburg station of Pacific Gas & 
Electric Co. near Oakland, Calif., split length- 
wise into two half-cylinders (Fig. 2). The origi- 
nal forging (which was not center-bored) gave 

*Editor-in-Chief, Metal Progress. The observa- 
tions contained herein — his own — were principally 
inspired by a visit with Dolph G. Ebeling, head of 
metallurgy, and other members of the technical staff 
of the Large Steam Turbine-Generator Dept. of the 
General Electric Co., Schenectady, N. Y. Supple- 
mentary ideas were gathered at the First National 
Metals Engineering Conference of the A.S.M.E., 
held in Albany, N. Y., April 29 to May 1, 1959. 
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Fig. 1—Total Ultrasonic 
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test results well down toward the lower-left 
corner of Fig. 1 —in other words, it was rated 
“sound” by” inspection methods that were in 
force in 1954. 

Obviously there was some hitherto unrecog- 
nized feature of sonic testing. Why did it break 
when stressed one quarter to one third of its 
tensile strength? 

A glib answer would be “It was a brittle forg- 
ing”, but that only shoves the inquiry back one 
notch to “What makes metal brittle?” Even 
when we know the answer to that one we would 
still have to ask “Why did not the most complete 
and skillful inspection by ultrasonic and other 
surveys give some warning?” A. W. Rankin, 
manager of turbine structural engineering of 
large steam turbines for General Electric Co., 
gave his answer in Electrical World for Dec. 2, 
1957, paraphrased in the next paragraph: 

The fracture originated in a segregated cluster 
of small manganese silicate inclusions very near 
the axis, 30 in. from one end (see Fig. 3). (Forg- 
ings for the generating machinery in the Pitts- 
burg station were not center-bored or trepanned.) 
Fracture in this area was predominately inter- 
crystalline; outside, it was transcrystalline (“shear 
type” fracture). Initial fracture originated and 
progressed slowly during service through a siz- 
able area —10 sq.in. — containing these inclus- 
ions and then catastrophically through solid 
metal in the rest of the forging. Under the exist- 
ing stresses and temperature, the metal was un- 
able to stop the crack from spreading at about 
the speed of sound. 

But why did not the searching ultrasonic in- 
spection give some indication of the existence of 
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this dangerous accumulation of slag particles? 

On original inspection of this forging which 
burst, this whole dangerous area had only two 
25% indications, each corresponding to a ques- 
tionable area roughly the size of adime. Defects 
of this size were not considered serious. Subse- 
quent theoretical analysis, checked by extensive 
microscopy, indicates that a glassy inclusion 
solidly embedded in metal will not give a detect- 
able ultrasonic reflection (equal to at least 5% 
of the reflection from the bore or opposite sur- 
face) unless it is 0.010 in. thick or thicker. In 
service, the working stresses undoubtedly 
cracked many of the slaggy particles which 
existed but were not discovered ultrasonically. 
A tiny open crack is ten thousand times more 
easily detectable—the void needs be only 
5 x 107 in. (0.000,000,5 in.) thick. The conclu- 
sion is that an area of tiny slaggy inclusions is 
not an observable discontinuity until it has been 
stressed enough to crack the inclusions or to form 
intercrystalline cracks in the metal growing from 
the slag particles. 

Hence the logic of the suggestion of Westing- 
house’s Norman Mochel at the A.S.M.E. Dia- 
mond Jubilee Meeting, that large turbines should 
be periodically inspected in service. Indeed, the 
generator rotor of a sister unit was removed 
from the Pittsburg generating station and many 
of the small before-service pips showing a 5 to 
10% reflection gave a 40% reflection. A 2.4-in. 
core was trepanned from one such position and 
when broken open showed a nearly continuous 
array of tiny manganese silicate inclusions in a 
1.5 X 8-in. area and a fracture similar to the 
burst one (Fig. 3). 
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Fig. 2 — Pittsburg Rotor of 170,000-Kva. Generator Split Lengthwise Axially in Service 


This is also the reason why it is desirable to re- 
inspect these large forgings after complete fabri- 
cation and acceptance testing at moderate 
overspeeds. Any potentially dangerous slag in- 


clusions undiscovered in the rough forging 
should then have cracked, and the retest would 
then show much larger reflections at the location 
of ones previously thought innocuous. 


Fig. 3 — Fracture Originated in 2 « 5-In. Area of “Woody” or Fibrous Appearance, Where Many Clus- 
ters of Glassy Inclusions Existed, Each One Too Small to Produce a Worrisome Ultrasonic Reflection 
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In the period between October 1956 and May 
1959, about 135 generator rotors of General Elec- 
tric manufacture have been reinspected by mem- 
bers of the turbine division; several of these 
showed larger ultrasonic indications than in the 
original tests; six of these have been bored to 
remove dangerous spots at the axis, and one has 
been removed from service. Furthermore, all 
the new rotors manufactured since the latter half 
of 1956, under the improved procedures to be 
described shortly, have been reinspected after 
factory overspeed tests and no changes in ultra- 
sonics have been observed in any of them. 


Improved Ultrasonic Techniques 


A word should be said about the improved 
techniques devised by C. D. Moriarty and his 
associates in the nondestructive testing group at 
Schenectady. The rotors for both steam turbines 
and electric alternators are machined to correct 
outside diameters and a smooth bore trepanned 
out of the axis. It is then carefully inspected by 
optical, Magnaflux and die penetrant methods. 
Following this, it is mounted on a large lathe and 
slowiy rotated while the ultrasonic test crystal is 
traversed slowly end to end in a tool holder; 
ultrasonic reflections are recorded continuously 
as to position and size (Fig. 4). This must be 
done when overhead cranes are immobilized. 
The complete outer surface is traversed in this 
manner; also a special fixture has been developed 
which fits the bore and surveys the entire body 
of the forging from that vantage ground. 

This device, called a “boresonic unit”, consists 
of two small ceramic crystals mounted very close- 
ly together in plexiglass. A small angular tilt to 


Ail 


- 


= 


Fig. 4 — Piece of a Permanent Record of an Ultrasonic Test 


os} 


the crystals increases their sensitivity to flaws 
close to the surface. 

A continual increase in knowledge as to the 
meaning of the sonic indications is resulting from 
a study of the actual cores trepanned from the 
center. Likewise the limitations of this excellent 
method of inspection are better appreciated. Al- 
ready mentioned is its failure to record small 
glassy inclusions solidly embedded in metal. 
Another item is the inability to register defects 
just under a surface—to perhaps 0.10 in. It 
would seem that this can be circumvented by 
machining the forging that much oversize (and 
boring that much undersize), inspecting, and 
then removing a thin layer from the surface 
down to metal of unquestioned soundness. 


The Steelmaking and 
Forging Problem 


Before considering the metallurgical prob- 
lems of “brittle” steel (or its converse, “tough” 
steel) in detail, it would be well to introduce the 
reader to the general requirements of large 
steam turbine-generators. By “large” one implies 
larger than 100,000-kw. output. Straight-line 
units such as sketched in Fig. 5 are being built 
to generate 275,000 kw.; steam enters the high- 
pressure casing at 2400 psi. and 1050°F.; the 
rotor speed is 3600 rpm. 

Larger cross-compound units generating up to 
500,000 kw. have the load split in two parts: The 
primary element is built like Fig. 5; the second- 
ary element installed alongside is somewhat simi- 
lar but its first stage receives the exhaust steam 
from the high-pressure unit, via a_reheater. 
These larger units naturally require larger and 
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Fig. 5 — Cutaway View of Modern Turbo- 


Generator. General dimensions of the four ro- 


tors are shown in the table below the diagram 


WEIGHT 
20,600 Ib. 
22,900 
53,700 


Max. Diam. 
3 ft., % in. 
4% 

1% 


3 
3 


FinisHeD RoTror 


LENGTH 
2 
107% 


16 ft., 11 1/16 in. 


| 29 


WEIGHT 
25,200 Ib. 
500 


35,525 


7 


Max. Diam. 


FORGING 


Section 


LENGTH 


High- 
Pressure »-<<4Pressuree < 


Section 


SECTION 


pressure 
Low-pressure 
Generator 


High and intermediate- 
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stronger forgings. It might also 
be mentioned that the centrifugal 
stresses and operating temperatures 
in the large General Electric generator 
rotors have been reduced by a radical 
change in coil design. In the older 
conventional designs, the insulated 
conductors hammered down into the 
deep longitudinal slots have been 
solid copper bars; I*r heat from cur- 
rents generated during operation es- 
capes by radiation through insulation 
and steel walls of the conductor slots 
into parallel passages carrying streams 
of hydrogen. In the new designs, the 
conductors are hollow copper bars 
and are cooled internally by hydrogen. 
Rotating mass and working tempera- 
ture are both reduced — or conversely 
magnetic flux and total output of the 
generator is increased. 

From the tabulation shown below 
Fig. 5, it will be seen that the 
largest of the forgings would require 
an ingot weighing over 100 tons. 
Any metallurgist at all acquainted 
with the ingot solidification mechanism 
will recognize immediately that cer- 
tain things are inherent and ines- 
capable, namely, “coring”, or the 
intracrystalline segregation of soluble 
elements, the tendency of insoluble 
impurities to accumulate at grain 
boundaries and in the axial region, 
and the growth of large primary crys- 
tals. There is also the chance that a 
bridge might solidify across the upper 
part of the ingot and prevent ade- 
quate feeding of the mushy region 
below, thus permitting a pipe or por- 
osity to form. Forging (which must 
be done in powerful presses) changes 
the chunky ingot into the required 
long round shape; it also is supposed 
to close small cavities and weld them 
shut; it also reduces the size of the 
primary grains. Final heat treatments 
are primarily designed to improve 
machinability and give an optimum 
combination of mechanical and mag- 
netic properties. 
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Only four plants in the United States are 
equipped to do this kind of work, and it should 
be said at once that they have been cooperating 
in a joint effort with the three large electrical 
manufacturers to modify steelmaking, forging 
and heat treating practices in agreed-upon ways 
designed to improve quality. For example, the 
acid openhearth was formerly preferred by many 
metallurgists for the large forgings because it 
produced steel lower in hydrogen than could be 
made in basic furnaces, and hence less prone 
to those internal cracks called “flakes” and “fish- 
eyes’. All four manufacturers can now vacuum- 
cast the largest ingots, and these are so much 
lower in hydrogen that the flake problem has 
been practically eliminated. (Maybe we should 
keep our fingers crossed, for the 0.5 ppm. of H» 
in vacuum cast metal is equal to 4% of the 
volume, measured at standard temperature and 
pressure.) All the large forging ingots are now 
of basic electric steel; double-slag refining can 
reduce the sulphur and phosphorus to the 0.015% 
level, and this has proportionately cut down the 
number of damaging inclusions. Oxide inclu- 
sions (“glasses”) remain a problem — possibly 
also nitrogen and many tramp elements that are 
inevitably present in traces may prove to be 
deleterious.* 

It should also be said that vacuum pouring has 
a definite effect on tensile ductility of “sound” 
metal (to many metallurgists this is a measure 
of toughness under service loads). For example, 
a heat of rotor steel was split and one half air- 
poured, the other half vacuum-poured. From 
then on the history was identical. Comparative 
reduction of area in standard tensile tests are as 
follows, where “aged” means heating to 200 to 
300° F. to remove traces of hydrogen: 


Atr-PourRED VAcuUM-PouURED 


Aged test pieces 42% R.A. 55% R.A. 
Unaged test pieces 25% 55% 


Tougher Steel 


While the above indicates the very consider- 
able recent improvements in quality (freedom 
from porosity, flakes, thermal cracks) and in 
homogeneity (freedom from inclusions, segre- 


*The mind naturally turns to the possibilities of 
the consumable-electrode method. It might work 
out this way: A basic electric heat of proper size and 
composition would be continuously cast into a 12-in. 
round billet (electrode) 650 ft. long. It would be 
uniform in composition, end to end. This would be 
remelted in high vacuum by electric current or elec- 
tron beam into a water cooled copper mold fairly 
close to the necessary rough-machined shape. It 
would be very low in oxygen, hydrogen (probably 
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gates, and variations in grain structure), it doesn’t 
say much about toughness, which is the ability 
of the material to resist the initiation and propa- 
gation of cracks. Here we run into the same 
dilemmas as faced the investigators of brittle 
ship steel. Again, here we can report much 
progress. 

It is probably trite to say that a piece of metal 
breaks because it is asked to resist a stress larger 
than its ability to resist — larger than its ultimate 
strength. Also that discontinuities (defects) are 
dangerous because the stresses existing at their 
edges are much higher than the average across 
the entire piece; discontinuities are localized 
“stress-raisers”’. Also that if metal which “necks- 
down” —is plastic—in a standard 0.505-in. 
tensile test piece is rigidly restrained in all di- 
rections, plastic flow cannot occur under stress, 
and nonplastic or brittle fracture may be ex- 
pected. (This indicates that size of the piece is 
important to load-carrying ability — either in test 
piece or manufactured part.) Also that brittle 
fracture occurs at catastrophic speed, so fast in 
fact that there is no time for normal plastic flow 
to relieve the concentrated stresses which cause 
the fracture to propagate. Also that temperature 
is to be added to the dangerous combination 
of circumstances in turbo-electric machinery. 
Finally, that brittle fractures are not confined to 
any single sphere of modern living; they have 
occurred in oil storage tanks, pipe lines, bridges, 
ships, gun tubes, aircraft fuselages and landing 
gear, missile fuel tanks, and turbine-generator 
rotors. (The list is not complete. ) 

Merely to state these factors is to indicate that 
books could be written and dozens of technical 
and theoretical sessions held and there would 
still be no simple answer to the question “Why 
did that rotor break?” — or, more pertinent, “How 
can we avoid future trouble?” The second por- 
tion of this article, to be published next month, 
can do no more than sketch briefly the work 
being done at Schenectady by a large group of 
keen engineers in exceedingly well-equipped 
quarters under the general direction of C. Schab- 
tach, manager of engineering for the large steam 
turbine-generator department. S$ 


nitrogen), volatile metals and nonmetals, and hence 
free from macroscopic inclusions. Ultrasonic vibra- 
tion of the solidifying metal would produce small 
grain size, as cast. There would be no edge-to-center 
or end-to-end segregation. Ideally there would be 
no porosity. Nothing much more than a stress-re- 
lieving anneal would be needed in the way of heat 
treatment. Just cast it, anneal it, machine it, inspect 
it, and use it! No need for center bore to remove 
axial impurities and defects; there wouldn't be any. 
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New Metatlographic Techniques 


Preparing Foil for Micro-Examination 


The problem was to prepare cross sections of foil less than 


By DOROTHY J. RAHN* 


1/16 in. thick for metallographic study. The procedure is based on 
a mounting medium which cures at room temperature 


Ii was a RARE INSTANCE in the past when a 
metallographer was called on to study the micro- 
structure of a specimen less than 1/16 in. thick. 
True, needle wire and surgical instrument stock 
of small diameter have been examined metallo- 
graphically. However, these were usually pre- 
pared to present a face longitudinal to the direc- 
tion of rolling or extrusion. Precise grinding to 
obtain a field at the center of the specimen pre- 
sented the greatest problem. If the study of a 
transverse section was desired, the specimen 


Fig. 1 —An Enlargement of the Polished 
Face of a Mounted Foil Sample. The two 
U-shaped members serve as supports while 
the mounting material is being poured. 


Stock 
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and on careful control of polishing. (M20; 4-56) 


usually was stiff enough to permit it to be 
mounted on end in a thermal-setting resin. 

The widespread use of foil in packaging, in 
transducers, in automobiles (as shim stock), in 
printed circuits, and in nuclear reactors has 
brought new challenges to the metallographer. 
He is asked for a microstructural study of foils 
before and after exposure to corrosive atmos- 
pheres. Frequently, these foils are permanently 
deformed under stress in a corrosive environment 
so that the difficulty of mounting and polishing 
is increased. This article gives procedures which 
we have developed to prepare foils 4% to 3 mils 
thick for microstructural examination. 

Several types of steel foil were chosen for 
study because of their different hardness charac- 
teristics: (a) A.L.S.1. Type 304, as received from 
the mill; (b) Type 304, heat sensitized after 
exposure to corrosive atmosphere; (c) Type 304, 
chromium plated; (d) a section of feeler gage 
stock made from carbon toolsteel. 


Mounting Poses Problems 


When lucite, Plexiglass or bakelite is em- 
ployed, heat and pressure are necessary to cure 
the mounting material. The pressure required 
during the curing cycle is sufficient to topple the 
foil standing on end. Consequently, mounting 
resins which cure without the application of heat 
were investigated. The most satisfactory one for 


*Chief Metallographer, Atomic Power Dept., 
Westinghouse Electric Corp., Pittsburgh. 
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Type 304 Foil 


Fig. 2 —Chromium-Plated A.1.S.1. 
Type 304 Foil. Unetched; 250 x 


our use is a commercial product* which requires 
no heat, pressure, or forced cooling during cur- 
ing. This product shrinks negligibly and the 
aged mounting material remains in intimate con- 
tact with the specimen — important where edge 
preservation is required. The mounting material 
is a powdered resin, resembling lucite, to which 
a catalyst is added when the specimen is ready 
to be mounted. Curing time is about 20 min. 
Apparatus required for this type of mounting 
includes flat plate, a retaining ring, a beaker and 
a stirrer to mix the resin and the catalyst used for 
mounting. 

Figure 1 illustrates the polished face of a 
mounted foil specimen. The horizontal member 
is the foil sample. The two curved members are 
shim stock bent in such a fashion as to support 
the foil while the resin is poured. 


Polishing Requires Special Care 


Extensive effort was made to polish foils elec- 
trolytically. We found that the mounting ma- 
terial reacts with many of the electrolytes and 
that edges of the specimens are preferentially 
removed. Automatic grinding and polishing also 
rounded the edges. The more conventional hand 
polishing was finally found to 
be successful. This is no as- 
signment for the novice, but 


Fig. 3 — A.L.S.1. Type 304 Foil (3 Mils Thick). 
Top, in the as-received condition; bottom, 
heat treated to induce sensitization. Electro- 
lytically etched in chromic acid; 250 x 


specimen and the quality of the abrasive used. 
When the pressure is abruptly increased, the face 
being prepared may become cold worked to a 
nonuniform depth. During subsequent polish- 
ing, all the cold worked material may not be 
removed. Abrasives of nonuniform grit, or grit 
with worn, rounded edges, alter the rate at which 
material is removed. Hence, cutting disks and 
polishing powders employed during hand polish- 
ing and grinding must be of excellent quality 
and must be changed frequently. 

Polishing time is another important variable. 
Relief polishing at the specimen-mount inter- 
face and between materials of different hardness 
which comprise the specimen is minimized if the 


grinding and polishing steps are performed just 


Table I1— General Procedure for Polishing Foil Cross Sections 


with practice any operator 


ABRASIVE 
who can prepare conventional STEP | PRESSURE Luricant | Time Ww HEEL 
G (AppROX.) | COVERING 
specimens well should be able Type IRIT | 
to handle the job. l Heavy SiC 120 | Water 3 min. Paper disk 
Success depends on remov- 2 Sic | 180 | Water 3 | Paper disk 
ing material at a uniformly 3 SiC | 240 | Water | 3 Paper disk 
decreasing rate by controlling 4 to = | 
‘ : 2 i ater | Paper dis 
saad — —_ to the 6 SiC 600 | Water | 3 | Paper disk 
*Kold-Mount — manufactured 7 Diamond | 64 | Lapping oil | 6 Nylon 
by the Vernon Benshoff Co. in 8 Light ALO: | 0.1n | Distilled {| 3 Nylon 
Pittsburgh. 
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Fig. 4—Feeler Gage Stock Made From Carbon 


Toolsteel (1.5 Mils Thick). Nital etch; 250 x 


long enough to remove previous scratches and if 
hard napless cloths are used on all polishing 


wheels. 
Manual Pressure Is Important 


The operator preparing a foil specimen should 
bear in mind that success depends on using an 
initially heavy, then evenly decreasing, pressure. 
Heavy pressures at the beginning of the grind- 
ing operation do not contribute to a misleading 
structure on the finished sample if lubrication is 


Mounting Thin Tungsten Wire and Sheet 


By U. E. WOLFF and L. B. FRADETTE* 


Fusing tungsten wire in glass prior to mounting improves 


adequate and if the rate of material removed is 
diminished gradually and uniformly so that all 
cold worked metal is taken off. 

Techniques are given in Table I for grinding 
and polishing foil specimens of stainless and 
carbon steels, copper, and uranium alloys. 

Photomicrographs of specimens prepared by 
the method given in Table I are shown in Fig. 2, 
3, and 4, Figure 2 is a photomicrograph of a 
chromium-plated Type 304 foil. Hardness values 
of the steel base metal and the chromium plate 
are Rockwell B-88 and C-66, respectively. Care- 
ful control of the cutting rate and polishing time 
resulted in a flat specimen without edge round- 
ing. In Fig. 3, Type 304 steel is in the as- 
received condition at top while below the 
material had received a sensitization heat treat- 
ment at 1300° F. followed by furnace cooling. It 
was difficult to preserve edge zones on the latter 
sample when conventional mounting and polish- 
ing methods were used. A feeler gage of carbon 
toolsteel, 1.5 mils thick, is shown in Fig. 4. De- 
spite the extreme thinness of the stock, its edges 
are not rounded. 


the flatness of transverse and longitudinal samples 


Rerextion oF sHARP EDGES during prepa- 
ration of small samples for metallographic ex- 
amination is difficult, especially if the material is 
as hard as tungsten. We have developed meth- 
ods for effectively handling this problem in our 
laboratory. 


Wire Is Fused in Glass 


Since tungsten does not undergo structural 
changes below 1800° F., thin wire specimens, up 
to about 0.015 in., can be fused in thick-walled 
Pyrex capillary tubing. The coefficients of ex- 
pansion of tungsten and Pyrex glass match suffi- 
ciently to produce tight seals. The capillary with 
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for metallographic study. (M20; W, 4-53, 4-61) 


the wire inserted in it is held in a flame at an 
angle. Fusion is started at the lower end and is 
continued slowly upward to permit the escape of 


all air. The end containing the wire is cut or 
broken off and mounted in bakelite. 

As an alternative procedure for longitudinal 
sections, the soft glass is flattened with a spatula 
on a rough surface such as an asbestos wire 
screen. This has the advantage of reducing the 
depth to be ground off and of giving the mount- 
ing plastic a better grip on the glass. 

If electrolytic polishing is desired, the wire- 


*Refractory Metals Laboratory, Lamp Metals and 
Components Dept., General Electric Co., Cleveland. 
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Fig. 1 — Longitudinal Section of an Annealed Tung- 
sten Wire 10 Mils Thick. Electrolytically polished 
and etched with copper-ammonium sulphate. 250 x 


Fig. 2 — Longitudinal Section of an Annealed 
Tungsten Wire 10 Mils Thick. Etch-polished and 
etched with copper-ammonium sulphate. 250 x 


— 

Fig. 3— Transverse Section of an Annealed 
Tungsten Single Crystal. Etch-polished and 
etched with copper-ammonium sulphate. 250 x 
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glass assembly should be made so that one end 
of the wire protrudes from the glass into the 
mounting medium (we use a conductive resin*). 


Mounting and Polishing Numerous Samples 


To prepare a large number of wire samples, 
a different method is used. Up to 5 or 6 samples 
can be mounted in a single 1l-in. mount after 
suitable identification of the individual wires. A 
simple way to do this is to mark each of the 
wires with a colored grease pencil before mount- 
ing them in a transparent resin. For electrolytic 
polishing, the cell circuit is established through 
the specimens by grinding a flat vertical face on 
the side of the mount so that all the wire ends are 
exposed. Each specimen can be polished indi- 
vidually by touching its exposed end with a cop- 
per wire from the positive terminal of the power 
supply. If simultaneous polishing is desired, the 
mount is placed in a metal clamp which connects 
all the wire samples electrically. Provisions must 
be made during polishing to avoid contact of the 
clamp and copper wire with the electrolyte. 

Tungsten is polished electrolytically for 10 to 
20 sec. in a 2% sodium hydroxide solution at 
25 v. If longer polishing times are required, the 
samples tend to become overheated and etched. 
This can be avoided by interrupting the polish- 
ing cycle every 20 sec. and cooling the samples 
with the agitated electrolyte. Figure 1 is a 
photomicrograph of a tungsten wire which has 
been electrolytically polished. 

An alternative to electrolytic polishing which 
prevents edge rounding has been developed by 
Millner and Sasst. The sample is alternatively 
polished with a gamma-alumina suspension, then 
a solution of 1 g. copper sulphate in 5 to 10 ce. 
water, 20 cc. concentrated ammonium hydroxide, 
and enough gamma-alumina polishing suspen- 
sion to make 1000 cc. Etching is done by dip- 
ping the sample in a solution of 10 g. copper sul- 
phate (in 40 cc. water) and 20 cc. concentrated 
ammonium hydroxide. Tungsten samples pre- 
pared by this technique are shown in Fig. 2 
and 3. 

With appropriate variations, these techniques 
are applicable to sheet material and, of course, 
are not restricted to tungsten. Se 
*Conductive Mounting Resin No. sold by 
Uddeholm Co. of America, Inc., New York. 

t“A New Method for Polishing and Etching of 
Metallographic Specimens of Tungsten and Molyb- 
denum Metal”, by T. Millner and L. Sass, Alumini- 
um (Budapest), Vol. 5, 1953, p. 214-215; Brutcher 
Translation No. 3281. 
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Short Runs 


Repairing Steel Castings by Submerged Arc Welding 


Devecrs in heavy carbon and alloy steel 
castings are repaired by submerged arc welding 
at the Penn Electric Steel Casting Co., Hamburg, 
Pa. By varying the flux composition slightly, de- 
posited metal can be adjusted to match the com- 
position of the casting, whether mild steel or 
alloy. The process uses special alloy fluxes (fur- 
nished by Lincoln Electric Co., Cleveland ) which 
contain carbon and ferro-alloys of manganese, 
silicon, chromium and molybdenum in suitable 
proportion to give a deposit equivalent to the 
base metal. 

Voids in the large slide shoe (Fig. 1) of low- 
carbon steel are being filled by the Lincoln 
“Squirt” welding technique. A mild steel wire 
5/64 in. in diameter is fed into the gun while 
flux is deposited continuously over the arc from 


the cone hopper. The deposit is applied with no 
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preheat at about 400 amp. d-c. and 34 volts. 

A suction hose removes excess flux. The thin 
slag deposited over the weld metal is flaked off 
easily with an air chisel when additional passes 
are required to fill the void completely. Where 
several passes are necessary, the slag is sometimes 
left on the deposit a little longer than usual to 
promote slow cooling and avoid excessive hard- 
ness. Succeeding passes also have an annealing 
effect on the metal beneath them. 

Alloy castings of A.S.T.M. classifications WC-3, 
WC-6 and WC-9 can be repaired similarly. On 
these, the same 5/64-in. filler is used. On alloy 
jobs, the castings are preheated 300 to 600° F. 
and welded at 375 to 400 amp. d-c. and 34 v. @ 


Fig. 1 — Surface Defects in a Slide-Shoe 
Casting Are Chipped Out and Filled by 
Semi-Automatic Submerged Arc Welding 
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Midsummer Madness 


After glancing at the first two lines 
of the article on p. 72 of the July 
issue of Metal Progress (“Hydro- 
gen in Heavy Forgings”, by 
J. E. Steiner), our readers may have 
wondered if the summer heat had 
addled their wits. It hadn't. By 
some typographical legerdemain at 
our printer's plant, the first line of 
Mr. Steiner's article was replaced by 
the first line of one of the following 
articles — with the resultant metal- 
lurgical gibberish. The first sen- 
tence of the article should have read: 
“Forgers have known for years that 
hydrogen plays an important role in 
thermal flaking.” 


A New Look 
for Metallurgists 


CLEVELAND, OHIO 
In our efforts to promote the 
metallurgical profession, I don’t think 
we should overlook the contribution 
of metallurgist James Astrue. For 
weeks, Lt. Astrue held sway on a 
daytime television quiz program 
called “Tic Tac Dough”, exhibiting 
knowledge on a whole gamut of 
subjects. Now when my wife visits 
with the bridge club set and states 
that her husband is a metallurgist, 
she is no longer confronted with pic- 
tures of a psychiatrist (mentallur- 
gist”), a bearded man holding test 
tubes, or a blacksmith with hammer 
and tongs; instead a picture of a 
smart, personable young man like 
Jim Astrue is brought to view. 
Ricwarp J. Quicc 
Research Metallurgist 
Thompson Ramo Wooldridge Inc. 


Correspondence 


Vickers-Knoop 


Hardness Conversion 
Discussed 


OHIO 

In the article “Vickers-Knoop 
Hardness Conversion”, by Lloyd 
Emond, which appeared in Metal 
Progress, September 1958, p. 97, I 
note a statement which has caused 
considerable confusion for many 
years. This statement indicates that 
the elastic recovery of the Knoop 
indentation (but not the Vickers) is 
larger at light loads than at heavy 
loads. Since recovery is a dimen- 
sion'ess quantity equal to the change 
in Jength per unit length upon re- 
moval of the load, it is difficult to 
see how such a quantity could vary 
when the stress, as measured by the 
hardness number, remains nearly 
constant. Properly speaking, the re- 
covery of a hardness indentation 
upon removal of the load is a func- 
tion only of the modulus of the 
material being tested and of the 
stress applied (not the load). Since 
the hardness number obtained is pro- 
portional to the stress applied by a 
pyramidal indenter, the hardness 
number can be considered a measure 
of that stress. It follows that the re- 
covery of a pyramidal hardness in- 
dentation is a function of the hard- 
ness of the material, not of any 
external factors such as the size of 
the machine used to make the test. 

By implication, the increase in 
Knoop hardness at low loads noted 
by Mr. Emond and other users 
of the Tukon hardness machine is 
caused by the inability to locate the 
ends of the indentation and by other 
systematic errors such as optical 
resolution of the microsope, and 


inertia and friction in the loading 
system. The Tukon machine can 
operate over a tremendous range of 
loads; however, bearing surfaces and 
lever arms designed to support 50,- 
000 g. become subject to systematic 
errors when engineers attempt to 
test with 10-g. loads. 

The Tukon machine and other 
precision instruments* have shown 
that the square-based Vickers pyra- 
mid indenter is independent of the 
load applied. It seems quite likely 
that the Knoop pyramid indenter 
will show the same independence 
when used in a machine designed 
to respond with precision to 10-g. 
loads, 

Watston 
Battelle Memorial Institute 


Autuor’s Rep.y — The statement 
to which Mr. Chubb refers was not 
meant to indicate that elastic recov- 
ery itself is larger at light loads than 
at heavy loads, but rather that recov- 
ery, being independent of load, is 
a greater percentage of the indenta- 
tion length at light loads than at 
heavy loads. Thus a greater error 
is introduced when using light in- 
denter loads. 

Investigations by Tatet and 
Bergsman} have shown that, since 


*“A New Design of Microhardness 
Tester and Some Factors Affecting 
the Diamond Pyramid Hardness 
Number at Light Loads”, by R. F. 
Campbell, Q. Henderson and M. R. 
Donleavy, Transactions, American 
aay or Metals, Vol. 40, 1948, 
p. i 


‘A Comparison of Microhardness 
Indentation Tests”, by Douglas R. 
Tate, Transactions, American Society 
for Metals, Vol. 35, 1945, p. 374. 

t“Some Recent Observations in 
Microhardness Testing”, by E. Borje 
Bergsman, Bulletin, American So- 
ciety for Testing Materials, Tech- 
— Paper No. 176, September 1951, 
p. 37. 
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 Martempering tamed this 
heat treater’s “nightmare”! 


This Yasco 8. B, steel valve plate is 119%” in 
diameter and varies in section from 42” to 1%”. 
Ajax austenitizing and martempering followed by air 
Cool and draw hardens it to Re 63-64 on the fighter 
s and to Rc 60-64 on the 196” section 
t cracking, distortion or surface 


Freedom from distortion and extreme surface hard- 


ness are essential to these 52100 steel bearing — 


races. Ajax austenitizing with Ajax cataract quench- 
ing plus air cool and draw supply these char 
ics in full measure—on a fast production 


Hundreds of pounds 

of work an hour... 

from a furnace no larger 
than your desk! 
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When it comes to 
hardening 


high alloy steels... 


THERE’S NO MATCH FOR SALT BATH 
SPEED, FREEDOM FROM DISTORTION 
AND UNIFORMITY 


In hundreds of applications throughout industry, Ajax neutral hard- 
ening salt baths are providing far and away the fastest, most eco- 
nomical means of heat treating valuable high alloy steel materials. 


@ Furnace productive capacity is several times that of other methods 
because of safe, yet faster heating. 


@ Negligible distortion inherent in the salt bath method means virtual 
elimination of rejects and decreased finish-machining costs. 


@ Built-in surface protection guards against scaling, decarb and pitting. 


@ Unsurpassed hardening uniformity is assured by accurate tempera- 
tures that do not vary more than a small fraction of 1% in any part 
of the bath. 


In addition, Ajax salt baths use minimum floor space, are readily 
adaptable to mechanization and require little maintenance. For in- 
stance, the new Ajax Type R removable submerged electrodes can 
easily be changed in an hour or two per pair —by your regular 
maintenance men — without tearing down pot or furnace walls. 

Actual heat treating results on your own parts, under typical 
conditions, will be gladly demonstrated in the Ajax Metallurgical 
Service Laboratories. You try before you buy! 

Write for Ajax 70-page catalog; also documented Neutral Hard- 
ening case histories. 


AJAX ELECTRIC COMPANY 


910 Frankford Avenue Philadelphia 23, Pa. 


SALT BATH FURNACES 
Internally heated electric and gas-fired types 


(Assuring hearing race hard 
... Without distortion. 
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Pinion stand and 
housing orranged 


Pinion stand and 
housing quickly 


dard mill for strip. 


Here is outstanding flexibility for the metal- 
lurgical laboratory or production. This Fenn 
Dual-Purpose Rolling Mill can be used for both 
powder metallurgy and strip rolling. Combines 
all the precision features of other Fenn mills, 
yet, this Fenn Convertible Rolling Mill is liter- 
ally two mills in one... ideal for application 
wherever space and capital are limited. By 
simple movement of pinion stand and roll 
housing, it quickly converts for either vertical 
or horizontal rolling. Mill featured is a Model 
V4-126 Two-High/Four-High Combination Mill 
with 12” rolls, 40 HP variable speed AC drive. 
Write for complete information and Fenn cata- 
log FRM-58. 


inherent design 
of Fenn Rolling Mills 
permits all sizes 
fo be supplied 
with the Convertible 
feature. Miustrated 
is a Series 6 
Convertible Mill. 


THE FENN MANUFACTURING COMPANY @ 504 FENN ROAD @ NEWINGTON, CONN. 


* patent applied for 


Correspondence . . . 


the form of the Knoop impression is 
independent of indentation load, the 
stress distribution around the corners 
of the unrecovered impression should 
be the same for any load. There- 
for, the elastic recovery, determined 
by the stress distribution, should 
also be independent of indentation 
load. 

Thus for a given material, a con- 
stant correction length could be 
applied to the measured Knoop in- 
dentation lengths for different loads, 
implying that elastic recovery in the 
long dimension must be constant for 
a given material. 

Identical conditions were also con- 
sidered to exist for Vickers indenta- 
tions, but because of the larger angle 
between the edge of the Vickers 
indenter and the surface of the 
specimen, the change in length 
would only be about one fifth as 

eat. 

While elastic recovery had an 
effect on Knoop hardness, especially 
at low loads, its effect was less than 
that of the visual and other system- 
atic errors mentioned by Mr. Chubb. 
It seems preferable to report Knoop 
indentation numbers without cor- 
recting for elastic recovery, and to 
include the indenting load used. 


Lioyp EMonD 


Further Comments 
on Vickers-Knoop 
Hardness Conversion 


BREMEN, GERMANY 

In the article on “Vickers-Knoop 
Hardness Conversion”, the accom- 
panying data sheet seems to indi- 
cate that the deviation from the 
nearly 1:1 ratio between Knoop and 
Vickers hardness numbers valid for 
500 g. increases with decreasing 
load. However, Mr. Emond com- 
pared Knoop 500, 15 g., with Vick- 
ers hardness numbers gained by 
using 10-kg. loads. This procedure 
may unfortunately lead to serious 
misunderstanding. 

Because of the well-known rela- 
tionship between load and hardness 
for loads smaller than some hundred 
grams, tests to determine the rela- 
tionships between Vickers diamond 
pyramid and Knoop diamond rhom- 
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LooK 
FOR THE 
DIAMONDS-—siGn 
OF FINISHING 
QUALITY 


Now, here’s a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast, easy application of IRILAC 
. and you’ve given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 


An IRIDITE-IRILAC finish will provide 
longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation. 


ON MAGNESIUM 
IRILAC over an IRIDITE No. 15 finish in- 


creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
ef products, with color appearance ranging from 
light to dark brown. 


ON ZINC 


IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear IRIDITE to olive 
drab, plus colored dye finishes. 


NOW—A Great New 
Combination for 


DOUBLE 


PROTECTION 
Against 


Corrosive Conditions 


on Aluminum, 
Magnesium or Zinc 


CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures—manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


§RILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


For complete technical informa- 
tion on IRIDITE Chromete Con- 
version Coatings or IRILAC Clear 
Protective Coatings, write for 
FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your orec. He's listed under 
“Plating Supplies” in the yellow 
pages. 


Allied Research Products, Ine. 1004-06 east momen « BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


West Coast Licensee for Process Chemicols: t. H. Butcher Co. 


Chromote Cleor Plating 
Coatings Cootings Brighteners 


chemicol Processes, Anodes, Chemnals & Line of 
Rectifiers Equipment, and Supplies for Metal Finishing Supphes Equipment 
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Cadets at the U. S. Air Force Academy in Col- 
orado Springs know the importance of physical test- 
ing. Intensive classroom instruction is supplemented 
with practical laboratory work using a total of six 


Tinius Olsen Universal and Torsion Testing Ma- 
chines. 


We are proud of the role being played by Olsen 
equipment at the Air Force Academy. Hundreds of 
other Olsen testing machines are being used to train 
engineers in colleges and universities throughout 
the country. All of these students, as well as engi- 
neers in research and industrial laboratories every- 


where, know they can depend on Olsen for fast, 
accurate test results, 


A descriptive brochure on Tinius Olsen testing 
equipment is yours for the asking. Write for a copy 
of Tinius Talks today. 


Correspondence . . . 


bus hardness numbers should always 
use the same load for both hardness 
measuring systems. Therefore, the 
data sheet does not show the real 
relationship between Vickers and 
Knoop, but the relationship between 
small and high loads. 

The necessity for reliable con- 
version data between Vickers and 
Knoop was realized at the Institut 
fiir Hiarterei-Technik, too. In our 
series of tests, indentical loads were 
used for both measuring systems. 
The results seem to confirm a ratio 
close to 1:1 for the small loads. 
They show that the deviations from 
this ratio are so small that they can 
be neglected for all practical pur- 
poses. Case depth determinations 
using the same critical hardness 
numbers (630, 600, 550, 500) result 
in values differing by no more than 
0.01 mm. with shallow cases and no 
more than 0.07 mm. with cases about 
1.2 mm. and a very shallow gradient. 

Orto SCHAABER 
Institut fiir Harterei-Technik 


Autuor’s Repty — In replying to 
Dr. Schaaber’s comments, the pur- 
pose of our conversion tests should 
be explained. Because of the lack 
of published data on Knoop hardness 
relationship to other hardness values 
when using light Knoop indenter 
loads, it seemed desirable to deter- 
mine this relationship. The Vickers 
hardness scale was chosen for its 
close relationship to Knoop hardness 
and its greater range of hardness 
values. 

Since we used a 10-kg. load most 
frequently on the Vickers machine, 
we decided to compare the Knoop 
hardness obtained at light loads to 
the Vickers hardness numbers using 
the 10-kg. load. After establishing 
this relationship, Knoop hardness 
numbers for light loads can be com- 
pared to the more familiar diamond 
pyramid hardness scale. 

Alco Products, Inc., carried out a 
similar investigation, comparing 
Knoop hardness at various loads to 
Vickers, Rockwell C and Rockwell 
superficial scales. The comparison 
of Vickers, using a 10-kg. load, was 


TINIUS OLSEN 


TESTING MACHINE COMPANY a similar, though somewhat greater, 
2030 EASTON ROAD ¢ WILLOW GROVE, PA. increase in hardness at light Knoop 


d load 
U.S. Pat. Of, 
Testing and Balancing Machines indenter loads. 


plotted from their data and shows 
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JET ENGINE TURBINE DISC — MATERIAL: INCO 901 
TS. YS. EL. RA. SR. 
2% 1200° F. 
80,000 Ib. /sq. in. 


175,000 128,000 20 23 225hrs. 
Spec. 150,000 100000 12 15 23hrs. 


JET ENGINE TURBINE SHAFT — MATERIAL: WASPALLOY 
Reproducible Properties 


TS. YS. EL. RA. SR. 
22% 


1350° F. 
70,000 ib. /sq. in. 
196,200 131,700 23 32 tws. 

Spec. 160,000 90,000 15 18 23hrs. 


ANEW HIGH 


iN METALLURGICAL 
PROPERTIES FROM 
. BXOTIC METALS 


Jet engine components made from 
Cameton forgings have hit a new 
high in\forming and in metallurgical 
refinements, developing not only 
room temperature properties 20% 
ifications but, more im- 


With our special forging techniques, 
one heat and one push produce 
uniform properties from surface to 
center, and from hub end to flange 
end. Even in high density alloys, 
interesting economy is effected. 
Favorable billet to finished forging. 
weight ratio means less of the expen- 
sive material is used-in each opera- 
tion. Because of improved grain 
structure and glose controls through- 
out the entire process, machining 
qualities excellent. fl 


> 


All this, of course, /gives on 
customers a better component Melo 
tionally and economically, Cheek the 
accompanying compari§on of\ the 
specificatign values and\\obtainéth—— 
values on the two jet turbine Yotating 
components Shown-—let us show you 
what we can ad with your problem 
forgings —just CALL, WRITE, or 
COME BY my 


(RON WORKS, INC. 


SPECIAL PRODUCTS DEPARTMENT 
P. O. Box 1212, Houston, Texes 


| } 
\ ee portaytly, producing these same 
over-$pecification values at elevated 
_/ terpiperatures. 
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Personal 
Mention 


Howard Scott 


> 


When Howarp Scorr @ retired 
after 33 years with Westinghouse 
Electric Corp., his associates joined 
together for a testimonial dinner to 
honor a good friend and metallur- 
gist, well known for his achieve- 
ments in his field. Some entertain- 
ing excerpts from one of the 
highlights of this evening appear in 
this month’s Light Metallurgy sec- 
tion on p. 85. 

Born in Rockville, Md., Scott en- 
rolled in George Washington Uni- 
versity in September of 1912 and — 
a month later — took on an addition- 
al job at the National Bureau of 
Standards as a laboratory apprentice 
for an assistant physicist. Receiving 
his bachelor of arts’ degree six years 
later, he continued to work at the 
Bureau, doing research on duralu- 
min and other aluminum alloys and 
acquiring a long-lasting interest in 
solution treatment and aging. 

In September 1920 he turned to 
teaching and a post as instructor of 
metallurgy at Harvard University, 
returning to the Bureau a year later 
as a physicist. Five years later he 
decided to make his way in industry 
and joined Westinghouse Electric 
Corp. Research Laboratories, rising 
to section manager in 1930, mana- 


ger of the metallurgical department 
and finally in 1954 chief metallur- 
gist for the company. 

Howard Scott has received some 
33 patents and delivered countless 
scientific papers on an amazingly var- 
ied number of subjects — all repre- 
senting important contributions to 
metallurgy. His interests have in- 
cluded heat treatment of steels, high- 
temperature alloys, glass-metal seals, 
bimetals, and more recently prob- 
lems such as brittle fracture connect- 
ed with large rotor forgings for steam 
turbines and generators. 

These interests extend into his 
technical memberships; he is known 
for his A.S.T.M. work on hardness 
testing and prepared the section on 
that subject in the first @ Handbook. 
In addition he was chairman of the 
Pittsburgh Chapter @ in 1938. 


Boyd E. Cass @ has been pro- 
moted to general sales manager of 
Foote Mineral Co., Philadelphia. 
Associated with the company since 
1945, he formerly served as manager 
of metallurgical sales. 


Paul J. Aicher @, Chicago area 
district manager of the Beryllium 
Corp., Reading, Pa., was chosen 
1959 “Salesman of the Year” by the 
company. 

Mallory- Sharon Metals Corp., 
Niles, Ohio, has reorganized its re- 


search and development team in — 


line with the company’s entry into 
the refining and production of such 
special metals as zirconium and haf- 
nium. Heading the new group is 
technical director Lee S$. Busch ©, 
who joined the then Mallory-Sharon 
Titanium Corp. in 1954. L. G. 
McCoy @ is government contract 
administrator, responsible for co- 
ordination and administration of 
contracts between Mallory-Sharon 
and the U. S. Government, and C. 
Dale Dickinson @ heads fundamen- 
tal research. Stanley Abkowitz @ 
directs the materials and process 
development of new alloys. 


John Herbert Hollomon @, man- 
ager of the metallurgy and ceramics 
research department at the General 
Electric Research Laboratory in 
Schenectady, N. Y., has been elected 
a Fellow of the American Academy 
of Arts and Sciences. 


Arthur B. Shuck @ has been pro- 
moted to the rank of senior metal- 
lurgical engineer at the Argonne 
National Laboratory in Lemont, Ill. 
Mr. Shuck, who joined the metallur- 
gy division in 1949, is project engi- 
neer for the fuel fabrication facility 
and also serves as leader of the plu- 
tonium fabrication group in the met- 
allurgy division. 


Kurt S. Sealander @ was recently 
appointed sales manager of the Ala- 
bama Metallurgical Corp., Selma, 
Ala. He was formerly affiliated with 
the Howard Foundry Co. and Hills- 
McCanna Co., both in Chicago, and 
the magnesium division of Alcoa in 
Buffalo. 


Louis A. Carapella @, vice-presi- 
dent of Sylvania-Corning Nuclear 
Corp., Hicksville, L. 1., N. Y., was 
the recipient of the Distinguished 
Alumni Award at the June com- 
mencement exercises of Michigan 
State University, the first such award 
made by the University. 


Kenneth C. Russell @, a metallur- 
gical engineering senior at the Colo- 
rado School of Mines, received the 
Clark B. Carpenter Award for out- 
standing scholastic achievement at 
the school’s commencement exer- 
cises in May. 


Frederic S. Boericke @ was re- 
cently appointed technical service 
manager, Pacific coast, of Haynes 
Stellite Co., a division of Union Car- 
bide Corp. He joined the company 
in 1946 as a sales engineer in the 
Los Angeles district and was later 
appointed district sales manager. 


Milton Stern @ has been award- 
ed the Electrochemical Society's 
Prize to Young Authors for 1958 in 
recognition of his paper “The Mech- 
anism of Passivating-Type Inhibi- 
tors”, published in the Journal of the 
Electrochemical Society. Dr. Stern 
is technical supervisor of the metals 
research group at the Union Carbide 
Metals Co. research laboratories in 
Niagara Falls, N. Y. 


C. T. Patterson @, recently re- 
tired chief metallurgist for Solvay 
Div., Allied Chemical Corp., Syra- 
cuse, N. Y., has been appointed con- 
sulting metallurgist at the U. S. 
Bureau of Mines, Albany, Ore. 
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SWIFT now offers a FAMILY OF FIVE... 


Swift’s new line of high heat resistant, long mileage lubri- 
cants are now available to serve a variety of drawing and 
metal processing jobs. 

Flexals are extremely versatile. A wide range of chemical 
and physical properties makes them particularly adaptable 
for difficult or highly specialized jobs. For example: Flexals 
can be furnished for cold heading, hot dip coating and dry 
drawing of high or low carbon wire. They can be soluble in 
water ... or insoluble in both water and solvents. Melting 
points range to 800° F. They are offered in controlled grinds 
down to micron particle size. 

Look over Swift’s new Family of Five FLEXALS .. . with 
your process in mind. Then, write for details on a trial order 
of these versatile new ANTI-FRICTION lubricants. 


SWIFT & COMPANY © Soap Department « 4115 
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FREDDIE FLEXAL 
invites your 
further inquiry. 


— 


FLEXAL 
Ss 


FLEXAL 
cs 


FLEXAL 
MCA 


FLEXAL 
MCF 


FLEXAL 


Hot dip, dry film tubri- 
cant and rich, dry draw- 
ing compound. 


Fine calcium stearate; 
58°-60° C. titer, 325 mesh. 


Metallic stearate base. 
Medium vari-grind com- 
pound. 


Metallic stearate base. 
Rich, fine mesh drawing 
compound. 


Lean, fine, dry lubricant 
for low carbon bright and 
cold heading wires. 


$-53 


Packers Ave. « Chicago 9, Ill. 
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Stokes microvac pumps give 
more vacuum pumping capacity 


hus Compact design—to save valuable floor space 
Dynamically balanced—for true vibration-free 
operation 
Noiseless—for service anywhere, lab or plant 
Complete, integral construction—no extras to buy 
Models up to 500 c.f.m. displacement 
immediate delivery 


Stokes Series H Microvac Pumps deliver top vacuum 
pumping value per dollar. They are designed by vacuum 
specialists . . . incorporate features based on actual oper- 
ating requirements, to meet your needs. And Stokes 
vacuum pumps are built with care by skilled personnel 
to assure long, dependable operation. 


Stokes complete engineering advisory service is available 
to help you select and apply the Microvac pump that 
makes your vacuum system more productive. Write for 
complete technical data or application assistance. 


Vacuum Equipment Division 
F. J. Stokes CORPORATION 
5500 Tabor Road 
Philadelphia 20, Pa. 


Personals . 


W. A. Johnson @, formerly asso- 
ciate director, staff research and de- 
velopment, metallurgy and chem- 
istry, for Thompson Products Div. 
of Thompson Ramo Wooldridge, 
Inc., has been promoted to the posi- 
tion of manager of metallurgy and 
chemistry of the Tapco Group of the 
company. 


Gordon Meldrum @, past chair- 
man of the Canton-Massillon Chap- 
ter @, was recently appointed as- 
sistant chief metallurgist of Republic 
Steel Corp.’s central alloy district. 
Mr. Meldrum, who has been in met- 
allurgical work in the district since 
1936, last served as alloy metallur- 
gist for the company. 


F. J. Lockhart @ has been named 
vice-president, sales, North Ameri- 
can division, for Atlas Steels Ltd., 
Welland, Ont. His former position 
was vice-president, Canadian sales. 


William T. Strickland @, for the 
past six years sales engineer in the 
Detroit office of Timken Roller 
Bearing Co., Canton, Ohio, has been 
appointed district sales manager of 
the New England area for the com- 
pany’s steel and tube division. His 
former position in Detroit will be 
filled by Bruce R. Wise @, a sales 
engineer at the Cincinnati office. 


Herbert V. Ross @ has resigned 
as superintendent of the Central 
Shops, Argonne National Labora- 
tory’s facility in Lemont, Ill, for 
the engineering design and construc- 
tion of special equipment used in 
nuclear energy research, to accept a 
position with Combustion Engineer- 
ing Corp., New York. 


Malcolm F. Judkins @, formerly 
director of new product development 
for Firth Sterling, Inc., Pittsburgh, 
has been appointed technical direc- 
tor, commercial production engineer- 
ing, for Sylvania-Corning Nuclear 
Corp. with headquarters at the com- 
pany’s Hicksville, L. L, N. Y., plant. 


Carl F. Joseph @, technical di- 
rector of the central foundry division 
of General Motors Corp., Saginaw, 
Mich., received the McCrea Medal, 
the highest honor offered by the 
malleable iron industry, at the Mal- 
leable Founders’ Society annual 
meeting in Hot Springs, Va. 
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60 CYCLE INDUCTION MELTING 


SAVES Metal and Money 


METAL 
LOSS 
REDUCED 


85-5-5-5 BRONZE 


AL-EXTRUSIONS 


CONVENTIONAL 60 CYCLE CONVENTIONAL 60-CYCLE CONVENTIONAL 60 CYCLE 


A sharp cut in metal losses is inherent in 60 CYCLE INDUCTION MELTING. Unnecessary metal losses in a furnace 


can amount to many thousands of dollars per year. Here are three examples of what AJAX 60 CYCLE INDUCTION 
furnaces have done for others: 


ALUMINUM EXTRUDERS: Typical experience of manufacturers of aluminum extrusion billets 
using AJAX-TAMA-WYATT 60 CYCLE INDUCTION furnaces is a metal loss of 0.75% as 


compared to 2.25% in conventional fuel fired furnaces. (Based on a charge containing 30- 
40% extrusion scrap.) 


ALUMINUM FOIL MILLS: 60 CYCLE INDUCTION MELTING furnaces are widely used to melt foil 
scrap and other finely divided materials. Operating reports show a reduction from 6% 
metal loss in conventional furnaces to 1 2 % in the coreless AJAX-JUNKER furnace. 


BRASS AND BRONZE FOUNDRIES: AJAX melting furnaces are standard in all brass millcast- 
ing shops, because metal losses with other methods are prohibitive. More recently, special 
AJAX-TAMA-WYATT furnaces have been applied widely to 85-5-5-5 bronze casting. Here 


the metal loss is under 1%, as compared to 3% or more in externally heated furnaces. 


IN ALL THESE CASES, SAVINGS PAID FOR THE EQUIPMENT IN LESS THAN TWO YEARS. 


60 CYCLE INDUCTION MELTING has many other important advantages. Our 


engineers will be glad to analyze your requirements. Please write to AJAX 
ENGINEERING DIVISION, P. O. Box 1418, Trenton 7, N. J. 


J Srductisn Stealing ib out ONLY Business 
Magnethermic 


x CORPORATION 
GENERAL OFFICES 
AJAX ELECTROTHERMIC DIVISION MAGNETHERMIC DIVISION AJAX ENGINEERING DIVISION 


Ajax Park 


P.O. Box 839 + 3990 Simon Road P.O. Box 1418 + Laior & Hancock Streets 
Trenton 5, New Jersey 


Youngstown 1, Onio Trenton 7, New Jersey 
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For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson “‘Rockwell’”’ Hardness Test- 
ers can help make your products 
better, stronger, longer lasting. 
They give reliable results on the 
production line, in laboratories, in 
tool rooms, and in inspection de- 
partments. They’re as easy to use 
as a center punch, as durable as a 
machine tool, as sensitive and ac- 
curate asa precision balance. That’s 


used with Wilson 
“Brale” penetrators. 


why Wilson “Rockwell” is recog- Each diamond is cut to 
nized as the world’s standard of an exact shape. Micro- 
hardness testing accuracy. scopic inspection and a 


comparator check of each dia- 
mond—one by one—assure you 
of accurate hardness testing 
every time. 


Waite for Catalog RT-58. 
It gives complete details on 
the full line of Wilson hard- 
ness testing equipment. 


“ROCKWELL” 
HARDNESS TESTER 
for most hardness 
testing functions 


TWINTESTER 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


“ROCKWELL” 
SUPERFICIAL TESTER 
for extremely shallow 

indentations 


% 


and macro testing 


AUTOMATIC—semi and fully automatic 
models for automatically a 
pieces at rates to 1,000 pieces per hour 


WILSON "ROCKWELL 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 


Personals . . . 


Augustus B. Kinzel @, vice-presi- 
dent, research, of the Union Car- 
bide Corp., New York, has been 
awarded the Stevens Institute of 
Technology Powder Metallurgy 
Medal for outstanding achievement 
in the field of powder metals. 


Emo D. Porro @ was recently ap- 
pointed vice-president of Broadview 
Research Corp., Burlingame, Calif. 
Mr. Porro was formerly executive 
vice-president and general manager 
of Thermo Materials, Inc. 


Bani R. Banerjee @, formerly sen- 
ior project physicist in the research 
and development department of 
Standard Oil Co. of Indiana, is now 
supervisor of the applied physics 
section of Crucible Steel Co. of 
America’s central research laboratory 
in Pittsburgh. 


Arthur Lawler, Jr., @ has been 
assigned to the sales staff of Vana- 
dium-Alloys Steel Co., with head- 
quarters in the New York district 
office. Mr. Lawler, membership 
chairman of the Worcester Chapter 
©. will sell and service too] and 
special steel products in southern 
Connecticut. 


George W. Hallock @ has retired 
from his position as senior engineer 
in powder metallurgy, specializing 
in tungsten, molybdenum and their 
alloys, for the chemical-metallurgical 
division of Sylvania Electric Co., 
Towanda, Pa., to set up a consulting 
service in Dunedin, Fla. 


Ralph H. Herzler, Jr., @ has been 
named product manager, aluminum, 
for Chase Brass & Copper Co., a 
subsidiary of Kennecott Copper 
Corp., Waterbury, Conn. He joined 
the Chase sales organization in June 
1958 as aluminum specialist, cover- 
ing midwestern sales districts from 
the Chicago office. 


Harry P. Kling @ has joined the 
Martin Co. nuclear division in Balti- 
more, Md., as manager of the nu- 
clear components department, where 
he will direct all research, develop- 
ment and production on fuel ele- 
ments, control rods and other com- 
ponents used in reactors and isotopic 
power units. He was formerly as- 
sociated with Sylvania Electric 
Products, Inc., and Sylvania-Corning 
Nuclear Corp. for ten years. 
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Information Bulletin 


A REVIEW OF PHOSPHATE COATINGS 


Specified for the Protection of Metal Surfaces 


By HUGH GEHMAN, Assistant Manager, Product Development Dept., AMCHEM PRODUCTS, INC 


Phosphate coatings are protective in- 
organic finishes that actually change 
the chemical nature of metal surfaces. 
The metal reacts with the applied 
age mee solution to form a nonmetal- 
ic, crystalline coating which serves to: 
© Improve paint adhesion 
© Provide protection against corrosion 
® Increase lubricity of friction surfaces 
© Facilitate mechanical deformation of metals 
* Decorate—in many instances 
Satisfactory protection of steel, 
zinc and aluminum surfaces against 
corrosion, paint peeling and blistering, 


Typical automotive spray installation. 


and hard wear requires precision meth- 
ods of chemical conversion coating. 


Types of Conversion Coatings 


There are seven classes of chemical 
conversion coatings commonly speci- 
fied and used throughout industry 
today. They are as follows: 


Zinc-iron P hosphate (Amchem 
Granodine). This is the heaviest type 
of coating (gray in color) used for 
prepaint treatments on steel, iron 
and zine surfaces. The process re- 
quires five or six operations: cleaning; 
rinsing; rust removal, if necessary; 
coating; rinsing; and a second rinse. 
Coating weight ranges from 100 to 
600 mg per sq. ft. 

Medium or large volume produc- 
tion of automobile bodies, appliances, 
projectiles and cabinets can be han- 
dled effectively. 

The coating solution improves 
— adhesion by forming a crystal- 
ine deposit over the metal surface. 
This deposit is rough, as revealed 
microscopically, and so offers an ideal 
gripping surface for paint particles. 


Manganese-iron phosphate 
(Amchem Thermoil-Granodine). This 
is a heavy black coating used on fric- 
tion surfaces to prevent galling, scor- 
ing and seizing of parts. Typical 
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metal parts treated are pistons, pis- 
ton rings, gears, cylinder liners, cam- 
shafts, tappets and various small 
arms components. 


Typical appliance treatment line. 


Iron phosphate (Amchem Duridine). 
This is a comparatively new process 
that places a light coating on surfaces 
for improved paint adhesion. Since 
cleaning and coating occur in the 
same bath, it has only three to 
five stages. 

The iron phosphate treatment is a 
spray process suited for medium to 
large volume, large or small work. 
Precleaning is normally unnecessary, 
an economy factor in its favor. 

Products protected by this process 
are steel or iron fabricated units, such 
as cabinets, washing machines and 
refrigerators. Weight of coating is 50 
to 100 mg per sq. ft. 


Zinc phosphate (Amchem Litho- 
form). This is a crystalline coating 
produced on galvanized iron and 
other zine surfaces—also cadmium — 
for improving paint adhesion. The 
purpose of the coating is to provide 
a paint-gripping surface and to pre- 
vent the reaction between acidic 
components of the paint and the zinc 
metal, with the formation of soaps 
and loss of paint adhesion. 

This coating is applied in weights 
of 75 to 500 mg per sq. ft. There are 
no limitations on volume or produc- 
tion or on size of products treated. 
Zine phosphate coating is used on 
zine alloy die castings, zine or cad- 
mium plated sheet or components, 
hot dip galvanized stock, and 
Galvanneal. 


Amorphous phosphate (Amchem 
Alodine). This a protective coating 
for aluminum and aluminum alloys. 


It may be used in place of anodic 
deposition for improved paint adhe- 
sion and corrosion resistance. 

This coating is practical for pro- 
duction in any volume. Coating 
weight is 100 to 600 mg per sq. ft. 
Products treated include aluminum 
awnings, doors and windows, aircraft 
and aircraft parts, missile parts, roof- 
ing and siding. Particularly good 
when aluminum is painted prior to 
forming. 


Zinc-iron phosphate for oil absorp- 
tion (Amchem Permadine). This is a 
relatively heavy coating adapted to 
the retention of rust-inhibiting dry- 
ing or nondrying oils and waxes on 
ferrous metal surfaces. The coating 
is applied to a weight of 1000 to 
4000 mg per sq. ft. 


Typical continuous strip line installation. 


The process is satisfactory for large 
or small work in any volume—nuts, 
bolts, hardware, guns, tools, etc. 


Zinc-iron pom for metal form- 
ing (Amchem Granodraw). This is 
a specialized coating used in con- 
junction with a suitable lubricant to 
facilitate the cold mechanical de- 
formation of steel. The coating acts 
as an anchor for the lubricant 
throughout drawing, extrusion, and 
cold forming operations. 

It is a successful treatment for 
products such as blanks and shells 
for cold forming, heavy stampings, 
impact extruded shapes, drawn wire 
and tube. 


For more complete information about any 
one or all of these chemical conversion coat- 
ings, contact an Amchem sales representa- 
tive or write us at Ambler 28, Pa 


<C> AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 


AMBLER 23, PA. « 


Detroit, Mich., St. Joseph, Mo., Niles, Calif., Windsor, Ont. 


Amchem, Granodine, Thermoil-Granodine, Duridine, Lithoform, Alodine, 


Permadine and Granodraw are registered trademarks of Amchem Products, Inc. 
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Personals . . . 


Harold C. Burgess @, Cleveland 
district sales manager for Latrobe 
Steel Co., Latrobe, Pa., for the past 
21 years, has been named Ohio re- 
gional sales manager for the com- 
pany. In his new position, he will 
supervise sales and warehousing ac- 
tivities in Cleveland, Dayton and 
Toledo, and will continue to make 
Cleveland his headquarters. Suc- 
ceeding him as Cleveland district 
manager is M. W. Saxman Ill @, 
who has served as assistant district 
manager since his transfer from La- 
trobe in 1957. 


How about 


FURNACE ROLLERS 
HEAT TREATING TRAYS 
FURNACE SHAFTS 
ANNEALING BELTS 
RETORTS 

TUBING 


The Aristoloy Steel Div. of Cop- 
perweld Steel Co., Warren, Ohio, 
has opened a new district sales of- 
fice in Pittsburgh, headed by John 
O'Conner Ill @, formerly Copper- 
weld representative in Cleveland. 
At the same time, James D. McKin- 
non @, district manager for Aristo- 
loy’s Chicago office, was named dis- 
trict sales manager of the Detroit 
district office. 


C. F. Hood @, who recently re- 
tired as president of U. S. Steel 
Corp., was elected an honorary vice- 
president of American Iron and Steel 
Institute recently. 


Which are 
Heat Resistant 


Corrosion Resistant 


William K. Murray @ has been 
promoted to manager of marketing 
for Enthone, Inc., New Haven, 
Conn., a subsidiary of American 
Smelting and Refining Co. Mr. 
Murray joined Enthone in 1953 and 
was supervisor of the technical serv- 
ice laboratory for several years be- 
fore becoming manager of customer 
service in 1957. 


Abrasion Resistant 


When ready to order, how about checking with us here at 
DURALOY? For more than thirty years we have 
specialized in high-alloy castings. In fact, we were 
among the first to produce static castings and the first R. T. Picha © has resigned as 
to produce centrifugal castings. We are old hands at — with sesh ere 
producing castings alloyed to fit each specific requirement vision of Minneapolis-Honeywe 


Regulator Co., Minneapolis, Minn., 
and to finish them to any extent desired. to become president of Flame Heat 


Melt, castings and finishing are carefully controlled and Treating, ; Inc., a new commercial 
quality tested by our staff of metallurgists, chemists, heat treating concern. 

X-ray and gamma-ray technicians. If you would like more Max G. Manker @ has been ap- 
preliminary information, send for Bulletin No. 3150-G. pointed district sales manager for 
the Chicago area of the Aristoloy 
Div. of Copperweld Steel Co., War- 


ow ren, Ohio, while J. Robert Waters 
/ @ has been named district sales 
OFFICE AND PLANT: Scottdale, Pa. manager in Philadelphia. Mr. Man- 
EASTERN OFFICE: 12 East 41st Sticet, New York 17, wes dis 


ATLANTA OFFICE: 76—4th Street, N.W. trict manager in New York and Mr. 


CHICAGO OFFICE: 332 South Michigan Avenue Waters was chief of Co : 
pperweld’s 
DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. service department in Warren. 
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paint adhesion 


less Only new 


TURCOAT 


LOW TEMP 

PHOSPHATING 
gives you up to 200 mg/sq. ft. 
of zinc phosphate coating in 
2 short minutes at 95° F. 


The Turcoat low temperature phosphating process pro- 
vides permanent paint adhesion when used at an econom- 
ical, easy-to-maintain temperature of 95°F. This 
temperature is lower than that required by other “cold” 
phosphating processes. It is up to 75° lower than temper- 
atures required by conventional phosphating processes. 
You save up to 75% in steam, water, electricity and down- 
time costs alone! 


As a base for paint, the Turcoat low temp phos ing 
process provides a uniformly smooth coating of up to 
A, 200 mg/sq. ft. in two minutes at 95°F. As a base for 

oO Sf, corrosion prevention, it provides an 1100 meg/sq. ft. 
coating in just eight minutes at 95°F. 


Turco has waited to announce low temperature phosphat- 
ing until it was thoroughly perfected and proven, through 
exhaustive field testing, to be the very best. For this rea- 
son, you'll find that with this new process, just as with 
Turco’s hundreds of other cleaning and chemical proc- 
esses, you are assured of trouble-free operation, ease of 
control, and dedicated technical service ...anytime, any- 
where! Write today for the full oa of Turcoat low 
temperature phosphating, along with Turco’s phosphat- 
ing reference chart. There's no cost .. . no obligation. 


24600 South Main Street, Wilmington, California 


Please send full details on Turco’s new low temperature 
phosphating process and Turco’s phosphating reference 
chart, without cost or obligation. 


TURCO PRODUCTS, INC. 
Chemical Pr ing Comp d 
24600 South Main Street, Wilmington, California 
FACTORIES: Newark, Chicago, Houston, Los Angel London, 
Rotterdam, Sydney, Mexico City, Poris, Homburg, Montreal, 
Manila, Noho (Okinawa) “ 
Manufactured in Canodo by B. W. Deane & Co., Montreal ; ADDRESS : 
Offices in all Principal Cities ‘ uP. 


NAME TITLE (OR DEPT.) 
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1's 75° cooler inside 
.which means 
better 
4 
| 
 TURCO PRODUCTS, INC. 
TARCO 3 
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... Interpretative Reports of World-Wide Developments 


Advances in Fabrication 
Techniques Revealed 
at Southern Metals 

Conference 


Notes on papers presented at 
the Southern Metals Confer- 
ence, sponsored by Savannah 
River Chapter @, Augusta, Ga., 
May 1959. 


ABRICATION of newer types of ma- 

terials for aircraft, missile and 
electronic applications is spurring 
interest in new welding methods. 
Progress being made in ultrasonic, 
electron beam and plasma jet weld- 
ing was discussed at the Southern 
Metals Conference, sponsored by the 
Savannah River Chapter @ and held 
in Augusta, Ga., by R. M. Gustafson, 
research engineer, Bureau of Aero- 
nautics. Mr. Gustafson also told 
about the development of electrodes 
for welding  ultra-high-strength 
steels. 

Ultrasonic Welding — This is a 
method of bonding similar or dis- 
similar metals at a temperature 
below their fusion point by introduc- 
ing vibratory energy into the area to 
be joined. The frequency spectrum 
which has received greatest attention 
lies between 3000 and 85,000 cycles 
per sec. although vibratory welds 
can be made at lower and also at 
substantially higher frequencies. 

In the process, pieces to be joined 


are clamped at low pressure (50 to 
100 lb.) between two welding mem- 
bers (Fig. 1) called sonotrodes, and 
vibratory energy is introduced for a 
brief interval — generally 1 to 2 
sec. Solid-state metallurgical bonds 
are produced with relatively slight 
deformation of the pieces being 
joined. 

The fact that excessive heating 
and melting are avoided makes the 
ultrasonic approach to joining very 
attractive. The result should be im- 
proved ductility and shear strength 


and better corrosion resistance for 


welded joints. Mr. Gustafson 
showed photomicrographs of welds 
made in 2024 aluminum alloy by 
the resistance method and by ultra- 
sonic means. In the cross section of 
the ultrasonic weld, there was no 
evidence of cast structure or nugget 
discontinuity. Also, there was no 
heat-affected zone and no appreci- 
able deformation. 

Equipment Needed—A __trans- 
ducer-coupling system is required 
for delivering ultrasonic energy into 
the weld zone along with an ultra- 
sonic power source. Also required 


Fig. 1 — This Ultrasonic Welder Is Being Used to Splice an 
Aluminum Cylinder With Overlapping Spot-Type Welds, 
Making a Leaktight Seam. (Courtesy Aeroprojects, Inc.) 
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These tips — one of which is shown much en- 
larged—are produced at ultra-high speeds. The 
brass rod needed for them must be flawless in 
every respect. Consistent metallurgical compo- 
sition, precise dimensional tolerances and un- 
varying standards of machinability — if any of 
these qualities vary even a fraction, production 
comes to a frequent and costly halt. 


That’s why Revere Metal Art Co., Inc., New 
York City, specifies Bridgeport Free-Machining 
Ball Point Pen Brass Rod for these inserts. It 
meets all requirements for precision, straight- 
ness, workability, machinability and tolerances 
—and, in addition, provides a surface finish that 
keeps finishing time and costs to a minimum. 


Whether you use rod, strip or tube, you can 
count—just as Revere does—on getting consist- 
ent quality every time you specify Bridgeport 
Brass Alloys. It will pay you to get the complete 
story. Call your nearest Bridgeport Sales Office 
or write us direct for a complete list of Bridge- 
port products—Dept. 4104. 


ON THE BALL 


TIMES A DAY 
BRIDGEPORT 
Free-Machining 
Brass Rod! 


Because ball point pens are in everyday use, 
production of vital brass tips becomes astro- 
nomical along with quality control problems. 


BRIDGEPORT 2, CONNECTICUT 
Specialists in Metals from Aluminum to Lirconium 
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THE FINISH 


IS ONLY 
THE. 


BEGINNING 


To meet demands for perfect finish 
on stainless and nickel Thinstrip™, 
Somers installs unique new annealing 
furnace. 


This new Selas vertical continuous 
annealing furnace assures uncontami- 
nated, commercially unmarred sur- 
faces as well as uniform temper and 
faster delivery on stainless, nickel and 
nickel alloy Thinstrip up to 25” wide. 
But this is only part of the story of 
Somers’ quality. Sendzimir rolling 
mills, Accu-Ray gauging plus 50 years 
leadership in thin gauge metals (from 
.010 down to .000125”) are a few 
of the features Somers offers to assist 
you with your Thinstrip™ problems. 


Write for Confidential Data blank — 
no cost or obligation. 


oR EXACTING STAN DARDs On 
ly 


Somers Brass Company, Inc. 
106 BALDWIN AVE, WATERBURY, CONN 
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is a hydraulic system for lowering 
and retracting the welding head and 
a timing system for controlling the 
length of the ultrasonic pulse. 

The simplest application of ultra- 
sonic welding is the production of 
lap joints between sheets of metal, 
either by single spots or by over- 
lapping spots to produce a continu- 
ous bond. A truly continuous weld 
seam can be made with rotating tips. 
To apply ultrasonic welding to a 
variety of geometric shapes utilizing 
different metals, it has been neces- 
sary to develop several basic types of 
welding equipment. 

Scope of Use — Initially, the Bu- 
reau of Aeronautics was interested 
in ultrasonic welding for joining 
structural aluminum alloys; a great 
deal of work has been done not only 
on 1100 aluminum alloy but also on 


similar metals as illustrated by the 
apparatus in Fig. 2. 

The Bureau of Aeronautics is 
sponsoring work to study the funda- 
mentals of the welding process. It 
has been established that there is a 
plastic deformation at the interface 
caused by sheet vibrations, with re- 
sultant diffusion of the two surfaces. 
This mechanism is preceded or ac- 
companied by a temperature rise in 
the weld spot. Precise temperature 
measurements have been made for 
different metals at the interface, 
varying from 200° F. in aluminum to 
1500° F. in iron. Recrystallization 
has also been observed in ultrason- 
ically welded joints on some 
materials. 

Electron Welding Methods—Elec- 
tron beam welding brings about 
fusion in a localized area by bom- 
bardment of parts with a beam of 
high-energy electrons. Operation in 
a vacuum provides an atmosphere 


Fig. 2 — Ultrasonic Welding Is Valuable for Joining Dis- 
similar Metals. Here, very fine aluminum wire is being 
welded to germanium. (Courtesy Aeroprojects, Inc.) 


2024 and 7075 alloys. Today, alum- 
inum sheet with thickness up to 
0.090 in. can be welded — a tremen- 
dous achievement because a few 
years ago only foil thickness could be 
joined. It is expected that with the 
development of more powerful 
equipment in the range 10 to 20 kw. 
heavier gages of metal can be joined. 
Two important features of ultrasonic 
welding emphasized by Mr. Gustaf- 
son were: (a) The process can join 
metals of dissimilar thickness; 
(b) foil can be joined to heavy sheet, 
plate or to heavy blocks of material. 
It also is valuable for joining dis- 


many times purer than the best com- 
mercially available inert gases. Im- 
purities in the metal, such as oxides, 
nitrides and carbides, which are not 
destroyed by heating in a vacuum 
are ionized to positive ions by elec- 
tron bombardment. As positive ions 
they are lifted out of the melt and 
attracted to the grid of the electron 
gun. The result is a weld joint with 
exceptional cleanliness and ductility; 
the entire weld zone, not just the 
surface, is purified. Electron beam 
welding is being used primarily in 
the nuclear and electronics field. 
However, Mr. Gustafson predicted 
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Announcing 
Complete Electric Furnace Service 


by American Bridge, exclusive manufacturers of 
the Heroult Electric Furnace 


Complete new installation 


From foundation to furnace, from engineering to erecting, American Bridge is 
prepared to install a modern, efficient Heroult with minimum inconvenience 
to your operations. 


2. Furnace modernization 


American Bridge is prepared to modernize your old Heroult Furnace by installing 
improved new mechanisms that will increase the efficiency and productivity of 
your unit. 


Prompt part replacement 


If you own a Heroult (regardless of age), American Bridge is prepared to 
replace any of its parts. More common parts are carried in stock, others will 
be made to order. But in either case, we are prepared to give fast service. 


For more information, contact our office nearest you 


USS and Heroult are registered trademarks 


American Bridge 
Division of 
United States Steel 


General Offices: 525 William Penn Place, Pittsburgh, Ps. Contracting Offices in: Ambridge Atlanta - Baltimore Birmingham - Boston Chicago - Cincinnati Cleveland 
Datias Denver Detroit Elmira Gary - Harrisburg, Pa. Houston Los Angeles - Memphis Minneapolis - Hew York Orange, Texas « Phiiedeiphie 
Pittsburgh - Portland, Ore. Roanoke - St. Louis Sen Francisco « Trenton - United States Stee! Export Company, few York 
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Job report courtesy of 
Midwest Piping Co., Inc., St. Louis, Mo. 


When stainless welds must 
pass the most rigid tests possible 


QUALITY FILLER METALS 


This 16" diameter Type 304 stainless elbow is part of the reactor 
cooling system in an atomic powered ship. In welding the two 
halves, the first pass was made with Arcos Chromend K (Type 308) 
electrodes. The balance of the joint was submerged arc welded 
with Arcosite Bonded Flux and Chromenar K (Type 308) wire. 
The inset shows results of a dramatic test of the Arcos weld 
metal so produced. A 214" ring, cut from an elbow, was given 
the normal bend test—and then completely flattened—without 
a crack! Such performance is the reason why Arcos is preferred 
for all tough jobs. ARCOS CORPORATION, 1500 South 50th 
Street, Philadelphia 43, Pa. 


Arcos Chromend K Arcos Chr K Bare Wi i : \ 
(Stainless) Electrodes oe es Bo nded Flue F. (sometimes as high as 3000° F.) 
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that industry, in general, will employ 
the equipment more and more as the 
usage of refractory metals increases. 

Plasma jet devices produce heat 
three to five times higher than the 
6000° F. range given by the arc 
welding torch. A program has re- 
cently been initiated by the Bureau 
of Aeronautics to adapt the plasma 
jet principle to welding, which, if 
successful, should provide a new 
process with versatility unknown 
with other welding techniques. 

Welding High-Strength Steels — 
Mr. Gustafson also reported that 
ultra-high-strength steels (for ex- 
ample, A.I.S.I. 4340 and H-11 die 
steels) can be satisfactorily fusion 
welded and heat treated to high 
strength levels (260,000 to 280,000 
psi.) without appreciably affecting 
the tensile or impact properties of 
the base metal. In order to achieve 
this, welding electrodes have been 
developed which are capable of 
depositing weld metal compatible 
with the base metal on the basis of 
chemical composition, tensile prop- 
erties, hardenability, impact resist- 
ance and microstructure. 

Progress in Tungsten — In discuss- 
ing general progress in metallurgy 
of tungsten, R. B. Fischer, Battelle 
Memorial Institute, reported that an 
important area of current research is 
the fabrication of sheet tungsten of 
large dimensions. The properties of 
tungsten are such that difficult prob- 
lems are experienced. The high 
strength of the metal makes working 
difficult. Tungsten does not hold 
heat well; oxidation is another 
problem. 

For many years attention has been 
on fabrication of tungsten filaments, 
wire rod and small dimensional sheet. 
For some contemplated uses, larger 
sheet is required. Tungsten has 
been slip cast, extruded and forged, 
and commercial parts are being pro- 
duced by hot spinning and deep 
drawing. Dr. Fischer predicted 
that the availability of new shapes 
should create new uses for tungsten. 

The ductility of tungsten came in 
for special mention. Dr. Fischer 
stated that fine tungsten wire and 
thin sheet can be prepared so as to 
have a small amount of ductility at 
room temperature. Thicker sections 
generally must be heated above 750° 
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to obtain enough ductility for form- 
ing operations. 

Purity Is Important — Recrystalli- 
zation of tungsten usually gives a 
brittle product. The recrystalliza- 
tion temperature is about 3200° F. 
for commercial tungsten in moder- 
ately worked forms. Recrystalliza- 
tion embrittlement was not evident 
in high-purity molybdenum _pro- 
duced some years ago at Battelle, 
and Dr. Fischer felt this was en- 
couraging because the same effect 
may hold for high-purity tungsten 
when recriptallized. 

The evidence is clear that the 
grain boundaries of ordinary com- 
mercial molybdenum and _ tungsten 
behave in an unusual manner and 
are most sensitive to certain impur- 
ities. Dr. Fischer suggested that 
metallurgists wishing to use tungsten 
keep in mind that impurities and 
microstructural make-up of the 
metal can often have a very strong 
influence on the mechanical proper- 
ties of the metal. 

Porosity in Castings — This sub- 
ject was discussed before the con- 
ference by F. N. Rhines, professor 
of metallurgy, University of Florida, 
who emphasized that one of the 
most common problems in the foun- 
dry is the control of porosity. The 
word “control” should be used ad- 
visedly because the elimination of 
porosity is an unrealistic objective — 
of doubtful value even if it could be 
accomplished — whereas the control 
of porosity is both necessary and 
feasible. 

Porosity affects the mechanical 
properties by dividing the metal into 
a large number of parts. These 
respond individually to a_ tensile 
force by normal necking to failure 
and thus prevent the casting as a 
whole from exhibiting necking and 
other evidence of ductility. 

Types of Porosity—Four geo- 
metric characteristics of casting 
porosity were considered: (a) num- 
ber of pores, (b) their volume, (c) 
shape of pores, and (d) their loca- 
tion. Dr. Rhines emphasized that 
pore formation may be profitably 
viewed as a nucleation and growth 
process. The number of pores cre- 
ated and their location will then 
depend upon the rate, duration and 
circumstances of growth. Two and 
only two forces have been identified 
as being involved in pore nucleation 
and growth. These are the hydro- 
static tension created by the shrink- 
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Job Report Courtesy of Electric Boat Division, 
Genero! Dynamics Corp., Groton, Conn. 


For maximum weld strength 
at sub-zero temperatures 


LOW ALLOY ELECTRODES 


The Skate (above), as well as the Nautilus, Seawolf, Swordfish, 
Skipjack and Triton are among the “greats” in America’s atomic 
powered sub force carrying welds produced by ARCOS low 
alloy electrodes. ARCOS Tensilend 80, 100, 120 and Ductilend 
were used to assure welds of highest possible impact strength 
whether on missions in the tropics or the sub-zero arctic. When you 
need weld metals with similar qualities, ARCOS is well worth 
remembering. ARCOS CORPORATION, 1500 South 50th Street, 
Philadelphia 43, Pa. 
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age of liquid metal, which is totally 
enclosed within a shell of solid, and 
the hydrostatic pressure exerted by 
gases present in supersaturation in 
the melt. 

Of the factors involved in porosity, 
according to Dr. Rhines, gas con- 
tent, time in the critical temperature 
range and hydrostatic head probably 
offer the greatest opportunity for 


exercise of control. In the matter of 
gas removal, it should be understood 
that it is virtually impossible to 
remove the last traces of a highly 
soluble gas, such as hydrogen, with- 
out boiling the metal — preferably 
in a vacuum. 

Thus, according to Dr. Rhines, 
the practical foundry methods of gas 
removal, such as fluxing, remelting 
and vacuum melting, should not be 
regarded as means for gas elimina- 
tion, but rather as a means for gas 


Keep Your Product on the 


Move 


Copper brazing at 2060° F. 


with ASHWORTH 
METAL PROCESS BELTS 


Whether it be copper brazing at 2060°, bright annealing, powder metal- 
lurgy or for operation in oil or water quench . . . wherever your product 
must go during processing, an Ashworth Metal Process Belt can take it. 

Consult your nearest Ashworth representative . . . let him help you solve 
your belt problems, effect economies and keep your product on the move. 


Illustrated literature available 
ASHWORTH BROS., INC., WINCHESTER, VIRGINIA 


SALES ENGINEERS: Atlanta, Baltimore, Boston, Buffalo, Charlotte, N. C., 
Chicago, Cleveland, Dallas, Detroit, Fall River, Mass., Greenville, S. C., 
Louisville, New York, Philadelphia, Pittsburgh, Rochester, St. Louis, St. Paul, 
Tampa, Canadian Rep., Peckover's Ltd., Toronto, Montreal. 


control. A considerable advance in 
porosity control could be made by 
using the gas removal processes to 
arrive at a predetermined gas con- 
tent in the melt, rather than attempt- 
ing to make the gas content as low 
as possible, regardless of the con- 
ditions involved. 

The duration of the period of gas 
precipitation is to a large extent a 
characteristic of the alloy. It has 
been found that the volume of po- 
rosity increases directly with the tem- 
perature span of the freezing range 
of the alloy. Also, it is known that 
the volume of porosity increases in 
inverse proportion to the rate of 
heat extraction during freezing. 
However, with extremely slow freez- 
ing, a reverse effect is sometimes 
found, possibly associated with loss 
of gas to the exterior. 

Control of Pressure — The use of 
positive pressure to control the 
hydrostatic head acting upon the 
growing pores (and thereby con- 
strain both their nucleation and 
growth) has been practiced with 
some success. In the sand foundry, 
this can be done by placing the mold 
in a tank having suitable ports and 
supplying it with a liberal volume of 
high-pressure air (Fig. 3). The 
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Fig. 3 — Diagram Illustrates How 
Positive Pressure Can Be Used 
to Control the Hydrostatic Head 
Acting Upon Growing Pores in 
Making an Aluminum Casting 


metal is poured through a trap door 
which may then be closed and the 
tank inflated in a matter of seconds. 
By freezing the metal under pneu- 
matic pressure, the total volume of 
porosity is reduced. While the 
individual pores are more numerous, 
they are much smaller and there is 
less tendency to form channel 
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Put Your Furnace Walls and Roof to Work with 


North American FLAT FLAME BURNERS 


More Production — No Hot Spots 


Designed to permit 
suspension in root 

High temperature, high 
strength refractory tile 
held by alloy hooks 


No metal parts 


| extend into 
throat of 
burner tile 


This Sketch shows how your North American Com- 
bustion Engineer might suggest using Flat Flame 
Burners to get the fullest use from your furnace — 
by putting a bigger pay load closer to walls and 
roof without flame impingement. (Figures for typi- 
cal applications are listed.in the table below.) 


Each flame actually turns the corner of its specially 


shaped tile to give a temperature uniformity never 
before possible with so few burners. These nozzle- 
mix burners have an exceptionally wide turndown 
range and can be operated on correct air-fuel ratio 


or with excess air. 


A, Air | B, Gas | C, Suggested Min. ‘D, D, Suggested ¢ tof | 
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For engineering information, call your nearby 
North American Combustion Engineer or write for bulletins 


aad 
> > 


Pipe Size | Pipe Size | Wall to Load Minimum Maximum 
4832-2 & 4836-2) 1%” | 1” | ” | 13%” 30” 
4832-3 & 4836-3| 1%” | 1” 9” | 16” 36” Series 4832 has a 
4832-4 & 4836-4| 2” 1%” 9” 18” 48” 13%” square tile. 
4832-5 & 4836-5 | 2%” 1%” WW” 24” 62” Series 4836 has a 
4832-6 & 4836-6| 3” 2” 12” 27” 77” 24” square tile. 
4832-7 & 4836-7 | 4” 2%” 14” 33” 100” 


e North American 
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New Study Shows Crucible 56 Offers the 
Stability, Tensile and Yield Strengths Needed 
in 800—1000° F.. Applications 


A recent study considers three steels which show prom- 
ise of solving the high temperature strength problems 
encountered in today’s high speed flight.t These problems 
of maintaining structural strength at elevated tempera- 
tures are further complicated by the need for favorable 
strength/weight ratios. 

Two of the steels are hot work types (Crucible 218 and 
56) that are only now being considered for structural 
applications in aircraft. Crucible 56 is a relatively new 
steel, offering an unusually high level of stability at 
The chemistries of the three steels are 
as 


CHEMICAL COMPOSITION 
Grade c cR OMe v si Al 


Crucible 56 40 3.30 60 2.75 40 1.00 
Crucible 218 38 5.20 35 #140 50 1.10 
AIS! 4340 .40 80 180 .70 25 30 


Figs. A and B compare the tensile and yield strengths 
of the three steels at the exposure temperature. The 
curves show that both Crucible 56 and Crucible 218 
proved superior in these tests. However, the hardness- 
tempering curve for Crucible 56 shows that it is more 
stable than the other analyses evaluated. Crucible 56 
also offers higher hardness (and hence, strength) when 
tempered in the 1050-1100° F. range. As the comparisons 
indicate, it also has higher elevated temperature tensile 


Fig. A. Tensile strength of various steels at exposure temperatures. 
Figures in parentheses are tempering temperatures. 


PAlthough this study considers only aircraft applications, data given here may 
prove helplul in designing turbines, chemical processing and nuclear equip- 
ment, ond other equipment where service temperotures ranging from 800- 
1000° F. ore required. 


Fig. B. Yield strength (0.2% off-set) of various steels at exposure 
temperatures. Figures in porentheses ore tempering temperatures. 


and creep properties than Crucible 218, which is a con- 
ventional AISI type. In Fig. C, the isochronous (constant 
time) stress-strain curves illustrate the stability of 
Crucible 56 at the top of the service temperature range. 
With these curves it is possible to determine thé stress 
at which creep becomes an important consideration. 


For further details on Crucible 56 and other com- 
parative data, send the coupon: 


Fig. C. Isochronous stress-strain curves for Crucible 56 sheet show 
the outstanding creep properties of this steel which are higher thon 
ony other steel at 1000° F. 
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Crucible 218 (10007) 
2. = 0.090 in. Thick al 
\ 0002 0.008 0.006 
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Compares properties of 
bearing steels produced by 
various melting techniques 


High vacuum technology has expanded considerably 
in recent years. The degree of improvement obtainable 
can be shown by comparing the properties of SAE 52100 
produced by various melting techniques. 

The following table givés gas content analyses of this 
chromium-carbon steel when produced by air melting 
(AM), air melting and vacuum arc remelting (AM+ 
VAR), vacuum induction melting (VIM) and double 
melting (VIM+VAR): 

Melting Technique O(PPM) H(PPM) 
AM 30 100 < 
AM + VAR 7 70 < 
viM 5 3 < 
VIM + VAR 3 3 <1 
Reduction in gas content is important, of course, because 
gases have varied detrimental effects on alloys. Oxygen 
increases transition temperature and forms various types 
of inclusions. Nitrogen effects aging, fatigue and stress 
rupture. 

Similar improvement is obtained in cleanliness. (Inclu- 
sions strongly influence properties such as fatigue, im- 
pact and ductility.) Vacuum induction melted 52100 
shows very small sulphide and oxide inclusions. Its back- 
ground is extremely clean. Vacuum arc remelted 52100, 
made from air melted electrodes, also shows significant 
improvement over the air melted steel. Still further im- 
provement is available with double melting. 


Up to now, vacuum melted 52100 has been used mainly 
in bearings for jet engines, grinder spindles and instru- 
ments. It is credited with extending “B-10” life (the life 
at which 10% of the bearings fail) from 65 hours to 
375 hours. Premature failures have been virtually elim- 
inated. And the average number of production rejects 
of finished balls has dropped from 15% to 0.3%—savings 


CRUCIBLE 
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that in some cases pay for the slightly higher cost of the 
vacuum melted alloy. 


For more data on vacuum melted SAE 52100—or data 
on other vacuum melted ferrous and non-ferrous metals 
and alloys—send the coupon. 


UHS-260 in cast form offers 
high strength with good ductility 


New studies of the cast properties of UHS-260 should 
prove interesting to designers of structural parts for 
aircraft. In cast form at high temperatures, UHS-260 
offers very high tensile strength with ductility equal to 
or better than transverse properties of the wrought form. 
Data from a preliminary report is given below. For more 
complete information send the coupon. 


Grade UHS-260 Cast Properties 
— Preliminary Report 


Sl aon 


wool es 


CRUCIBLE STEEL COMPANY OF AMERICA 
Dept. EHO9, The Oliver Building 

Mellon Squore, Pittsburgh 22, Pa. 
Gentlemen: 

Please send me the following: 


1. Crucible 56 Data Sheet Comparative Data. 

2. Data sheet on vacuum induction melted SAE 52100 

3. Data on other VIM metals____— 

4. Further information on the cast properties of UHS-260___.__ 


Nome 


Title. 


Compony. 


Street 


City. ORO. State. 


STEEL COMPANY OF AMERICA 


high temperature strength = 
cast properties of UHS-260 
Nominal Composition 
¢ Si Mn Me cu fe cr wi Vv Condition 
0.35 150 135 0.30 Bal. 1.25 0.30 Hardened 
& Tempered 
Mechanical Properties 
Tensile Yield 
Mean —40° 265,000 218,000 0S 7 
High 268,000 226,000 15 8 
Low 262,000 213,000 4 6 
| Low 261,000 183,000 5 9 
Mean 600° 237,000 162,000 18 11.3 
Low 234,000 153,000 
Mean 800° 200,000 147,000 29 123 
137 
tie. 


Lindberg Engineering Company 


How a leading furnace maker 
puts turbulence into the quench 


Fast-moving quenchant constantly scours every surface of every 


piece being quenched. 


As a result, vapor phase doesn’t get a chance to form. Work cools 
rapidly and evenly. Pieces come out uniformly hard all over, and the 
hardness penetrates even the thickest sections without causing 


distortion. 


Lindberg specifies LIGHTNIN Mixers as standard, built-in equip- 
ment to handle the quench agitation job. The mixer drives quenchant 
powerfully over the heat exchanger and through the work. It supplies 
correct balance of turbulence and fluid flow for best possible results. 


Direction of flow can be reversed by flipping a switch. 


LIGHTNIN Mixers are made in sizes and types to provide a uniformly 
agitated quench in any tank from the smallest to the largest. All sizes 
from % to 500 hp. For complete information, call your nearest LIGHTNIN 
Mixer representative (listed in Thomas’ Register) or write us. 


“Lightain Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-h Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronte 19, Ont. 
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Arsenic in Steel 


Digest of “The Effect of Arse- 
nic on Mechanical Properties of 
Welds in Mild Steel”, by D. 
Canonico and H. Schwartzbart, 
Welding Engineer, Vol. 43, 
November 1958, p. 32-35. 


IS REPORT describes the effect of 
various arsenic levels on the me- 
chanical properties of weld beads in 
British and American steels. Weld- 
ing fittings were forged from 
A.S.T.M. A106 Grade B steel. 

The bursting strength tests in- 
volved vessels fabricated from com- 
mercial welding fittings and labora- 
tory steels. Impact properties of 
laboratory steels containing various 
arsenic and phosphorus levels were 
also determined. 


Commercial Welding Fittings 


Commercial welding fittings, 45° 
long radius elbows, made from two 
heats of American and one heat of 
British steel, were welded into small 
vessels, illustrated in Fig. 1, using 
E6010 electrodes and multiple 
passes as in customary production. 
All girth welds joining the pairs of 
45° elbows were  radiographed 
before the caps were welded on; 
they all proved to be sound. Three 
vessels, fabricated from the fittings 
of each manufacturer, were analyzed 
chemically and hydrostatically tested 
to destruction at room temperature. 

The fittings made from British 
steel contained 0.060% arsenic 
(opposed to 0.003% arsenic in the 
American fittings), but there was no 
significant difference in the bursting 
strength of the vessels made from 
any of the three heats. The authors 
attributed the difference in strength 
to an actual difference in wall thick- 
ness, although all the fittings were of 
the same nominal dimensions. Duc- 
tile failures occurred in all vessels. 


Bursting Strength of Heats 


Three heats of steel conforming to 
A.S.T.M. A106 Grade B were induc- 
tion melted and sand cast into 110- 
Ib. ingots which contained various 
arsenic amounts at two general phos- 
phorus levels. Each heat was killed 
with approximately 2 Ib. aluminum 
per ton in the furnace. Arsenic was 
then added in the ladle. 

Arsenic ranged from 0.020 to 
0.201%, phosphorus from 0.009 to 
0.065%. (Continued on p. 140) 


METAL PROGRESS 


vad 
| 
| 
: 
| 
i 
| 
i} 
| 


Quenching... 
without 
distortion 


Don't settle for simply the basic advantages of hot oil 
quenching. Particularly, if you work with special 

alloy steels, you should get these “extras” that 
Sinclair Marquenchol can give you... Extra Oxidation 
Resistance... High Flash and Fire Points...High 
Viscosity Index... Low Sludge Forming Characteristics 


Find out about 


MARQUENCHOL Quenching Oil 
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35,000 Specimens... 
105,000 Photomicrographs... 


Not One Breakdown 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regard to maintenance and repairs . . . some 
35,000 specimens were examined and over 105,000 


photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented carbides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
‘2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you . . . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 
mens, make exposures. . . all with unbelievable speed, ease and precision. 

Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


Dept. T119 

Please send me information on the LABORATORY | 

WORKHORSE... the AO METALLOGRAPH. 

NAME | 

ADDRESS 

INSTRUMENT DIVISION CITY___________ ZONE__STATE___ | 


Arsenic in Steel . . . 


After grinding (to remove surface 
defects), parts of ingots 1 through 6 
were forged to 3%-in. diameter bars, 
from which 3-in. long pipes were 
machined to 2.875 in. O.D. and 
2.469 in. I.D. Commercial-grade 
end caps were welded to these pipes, 
and the vessels were then hydro- 
statically tested to destruction at 
room temperature. 

Arsenic did not appear to affect 
the bursting strength adversely and 
ductile failure in a longitudinal di- 
rection was similar to that experi- 


Fig. 1 — Burst Pressure Vessel Fab- 
ricated From 45° Long Radius 
Welding Elbows. Ductile failure oc- 
curred in a longitudinal direction 


enced in vessels fabricated from 
commercial fittings. 


Impact Studies 


For impact studies, ingot material 
was forged into plates 5 in. wide and 
5g in. thick. With an E 6010 elec- 
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METALGRAMS 


e e « news about chemical 


METALS 


Electromet brond ferroalloys, 
pure metals and metal chemicols 


Recent harbingers of increased demand for tantalum metal are its improved 
weldability and availability in large sheets. These advances combined with tanta- 
lum's excellent corrosion resistance indicate wider use in pharmaceutical equipment 
where corrosion and product contamination must be minimum, and in the chemical proc- 
essing industry for large reactor vessels. Continued prominence in the electronic 
industry is assured by tantalum's extreme heat resistance and the outstanding 


dielectric properties of its anodic oxide film. For more information, write for 
Bulletin TA1-P. 


Tungsten carbide powder is now available from Union Carbide Metals for 
evaluation in the manufacture of cemented or sintered carbide tools, dies and other 
compacts. Produced by a patented single-stage process, it meets existing particle 
Size and chemical specifications for powders now produced by conventional methods. 
Data Sheet WCl-P gives additional facts. 


The pace toward wrought chromium has quickened. Chromium metal has been 
successfully extruded into rod, tubing, and flat stock by Nuclear Metals, Inc., 


using ''Electromet'' chromium. Starting materials for these extrusions have been 


3/4 in. by D high-purity chromium flake and 325 mesh by D laboratory grade powder. 
Write for Data Sheet CRI1-P. 


* * 


Applications of chromium monoboride are being explored with prospective 
users by Union Carbide Metals Company's field men. The compound's low volatility 
and high reflectivity make it attractive for several purposes. Coatings of chromium 
monoboride can be applied by metallizing methods. Evaluations of these coatings 
have proved them satisfactory where resistance to high temperatures, erosion, and 
corrosion are required. Chromium monoboride has also been used as a constituent of 
super alloys, such as those containing alloys of chromium, nickel and boron. 

Data Sheet CMl1-P gives additional information. 


The stringent demands of nuclear applications have brought increasing 
interest in columbium's high thermal conductivity, corrosion resistance, and low 
nuclear cross-section. Further demand is assured by a new series of columbium-base 
alloys being developed to withstand temperatures in excess of 2000°F. Significant 
quantities of several alloys are already being prepared. Write for Bulletin CBl-P. 


* * 


Engineers and scientists can now obtain high-purity titanium carbide with 
less than 0.3% free carbon, and close to the theoretical composition of TiC. 
Makers of cemented carbide cutting tools may find in this product a way to simplify 
guality control problems, since the reproducibility of composition is excellent. 
Union Carbide Metals field men are consulting with users to develop several 
applications for this product. Write for Data Sheet TCl-P. 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 330, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


The terms ‘‘Electromet’’ and ‘‘Union Carbide’’ are registered trade marks of Union Carbide Corporation 
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Arsenic in Steel. . . 


As P c 
0.02% 0.009% 0.19% 
0.031 0.009 0.18 
0.075 0.011 0.20 


trode, a weld bead was laid along 
the longitudinal center line of the 
plate. Charpy V-notch specimens 


8 


0.009 0.20 


2 


were then cut from the plate with Zz 80 0.107 0.009 0.20 
the notch base located at the inter- “~ 
face of the weld metal and the heat- 3 0.074 0.059 0.14 
affected zone. (This was located by § 60 0.092 0.065 0.14 
etching. ) 2 
The authors measured the transi- > 
tion temperature range by relating h 40 | 
the energy absorbed to the testing 


temperature (Fig. 2). They were 
on less sure ground, as they readily LZ 


pointed out, in evaluating the effect 
of arsenic on the transition tempera- 
ture. Their sample was small and 


0 
the effects of differences in phos- -110 -60 -10 +40 


+90 +140 +190 +240 +290 


Temperature, ° F. 


270-9 


Nicholson 
Demands 


THE SHARP EpGEs of the chisel-cut high speed 
rotary file shown here are formed by impact 
before hardening. 

Nicholson File Company relies on the Sen- 
try Diamond Block Atmosphere to retain 
these critical edges on their endless variety of 
quality, high speed rotary tools. 

In the neutral Sentry atmosphere, automati- 


cally generated within the furnace chamber, 


intricate high speed or high carbon high 
chrome tools may be soaked for true “file” 
hardness without danger of surface spoilage. 


Section of high speed 
tool at SOOX 


TRADEMARK 


Clean Hardening! 


A demonstration of bardening on your own tools will 
convince you of Sentry benefits, Why not send us samples? 


ELECTRIC 


Request CatalogO-22* Write THE SENTRY CO., FOXBORO, MASS. 


Fig. 2 — Standard V-Notch Impact 
Data Showing Effect of Arsenic 


phorus and carbon levels compli- 
cated the picture. With reserva- 
tions, they concluded that 0.1% 
arsenic raises the transition tem- 
perature only about 2.7° F. 

D.R. 


Vacuum Cast Steel 


Digest of “The Importance of 
Vacuum Casting in the Steel 
Industry”, by Z. Eminger, Dr. 
F. Kinsky and Z. Kletecka, 
Czechoslovak Heavy Industry, 
No. 2, 1957, p. 3-20. 


HE PRESENCE of dissolved hy- 

drogen and oxygen in liquid steel 
affects its solidification characteris- 
tics. Solubility for either element 
decreases with temperature so some 
gas is usually liberated during freez- 
ing. For example, the solubility of 
hydrogen in iron drops about 45% 
in the liquidus-solidus range of tem- 
peratures. Because the viscosity of 
the melt increases as temperature 
decreases, some hydrogen is likely 
to be trapped between dendrites as 
freezing progresses. This can cause 
porosity and growth of ingots or 
castings. Even more important, 
high hydrogen contents impair the 
ductility of solid steel and promote 
cracking and flaking. Consequently, 
metallurgists in many countries have 
investigated procedures for lowering 
the gas contents of liquid steels. 

To insure freedom from flaking, 
hydrogen contents should be below 
2 ppm. This corresponds to about 
25 or 30% of the levels typical for 
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in the 
1200°- 1800° F 


range 


DUCTILITY 


TRESS RUPTURE LIF 


OXIDATION RESISTANCE 


In all ways, René 41 is a remarkable alloy. No other 


a 
RENE 
7 - 
140,000 
- 
most 
80,000 
dependable alloy 
in use today soon 
2 


high-temperature alloy used in production today 
equals its tensile strength. In other properties, too, 
René 41 is far ahead of the field. 


Also important, this nickel-base, vacuum-melted 
alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36”x 96” sheets .015” to .125” thick, in smaller sizes 
down to .010”, in bar stock up to 3” in diameter... 


CANNON-MUSKEGON CORPORATION 


2879 Lincoln Avenue * Muskegon, Michigan 
METALLURGICAL 
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YIELD STRENGTH 


TENSILE STRENGTH 


Alloy HR 
Alloy 901 


Alley Us 


Alloy Hx 
Alloy 319 


Alley 324 


1100 1200 


TEMPERATURE of 


.0015 in diameter. 


foil down to .001 in thickness .. . and fine wire only 


For complete details, write for Technical bulletin 


No. 86. 
TM of General Electric Co. 


VACUUM ALLOYS 


SPECIALISTS 
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Jarrell 


Convertible 
EBERT SPECTROGRAPH 


Switches to direct reading analysis in less than a minute... 
determines up to 20 elements in two minutes... 


Now you can speed routine analyses photoelectrically, and still 
solve tough ‘odd sample” or research problems photographically — 
all with the same versatile instrument. No “‘attachments”’ to mount 
. ». no tedious realignment. With the turn of a single control you 
can convert from full-range spectrographic analysis to high speed 
direct-reading analysis of as many as 20 elements simultaneously. 


With the Jarrell-Ash 3.4 Meter Convertible Ebert Spectrograph, 
you'll enjoy flexibility that lets you tackle a greater variety of 
materials . . . analytical range to ferret out unsuspected trace 
elements . . . speed to handle more samples per hour — keep 
quality control in step with production. And add to these the 
footstep-saving convenience of a single basic instrument 

with all controls centrally grouped. 


Invite a Jarrell-Ash engineer to show you firsthand how the 
Convertible Ebert Spectrograph will make your analytical efforts 
more rewarding, your lab operations more productive 

and more profitable. 


@ Built-in direct reader photoelectric head fixed in permanent mount — no 
“attachments” to move or realign. 


@ Simple, trouble-free optical system — automatically in focus at all times. 


@ Direct reader dials compute during exposure — results can be read the 
instant ignition stops. 


@ Single grating delivers full 20” of stigmatic spectrum. 


@ Available as conventional spectrograph only, with provision for easily adding 
direct reader section later if desired. 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville 60, Massachusetts 


San Mateo, Calif. « Dallas, Texas + Tinley Park, Ill. © Pittsburgh, Penna. 
Costa Mesa, Calif. © Atlanta,Ga. + Detroit, Mich. * New Brunswick, N. J. 


CANADA: Technical Service Labs., Toronto, Ontario 


JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts 


| MERELY — We're interested in learning firsthand, without obligation, how the Jarrell-Ash Convertible Ebert | 

| SIGN AND Spectrograph can benefit our specific analytical operation. Please have your applications | 
engineer contact the undersigned. 

1 cur to | 

LETTERHEAD 


Vacuum Casting . . . 


Czechoslovakian acid electric and 
basic openhearth steels. It is tech- 
nically feasible to prevent flaking by 
using suitable in-process annealing 
treatments and controlled cooling 
practices. However, the time re- 
quired to remove hydrogen to toler- 
able levels increases in proportion to 
the square of the section. This 
makes it impractical in production 
operations on large sections. 

The simplest method of removing 
hydrogen from steel is to use vacuum 
pouring and casting techniques. A 
vacuum corresponding to a pressure 
of about 5 mm. mercury is theoret- 
ically capable of lowering hydrogen 
contents to 2 ppm. The low pres- 
sures characteristic of vacuum treat- 
ments also remove oxygen, by the 
C-O reaction, and nitrogen from 
steel. 

Preliminary studies, started in 
1955, indicated that vacuum treat- 
ments lowered the oxide inclusion 
contents by 30% and hydrogen levels 
by 50 to 75%. The authors also 
observed that vacuum casting pro- 
duced a finer structure throughout 
the ingot cross section than that 
typical of conventional ingots. Pre- 
sumably for that reason, vacuum 
cast steels were less sensitive to over- 
heating. 

This preliminary casting work led 
to the installation of production 
facilities for vacuum casting ingots 
weighing up to 110 tons and for de- 
gassing ladles holding 50 tons of 
steel. The production equipment is 
capable of pumping 5900 cu.ft of 
gas per min. at a pressure of 1 mm. 
mercury. 

Experiments with this equipment 
indicated that noticeable improve- 
ments in quality can only be ex- 
pected when pressures below 6 mm. 
mercury are attained. The hydrogen 
content of 5-ton ingots decreased 
another 30% if the vacuum was 
maintained for 20 min. during solidi- 
fication instead of for 3 min. The 
authors do not consider this a prac- 
tical procedure for commercial op- 
erations, however. 

Vacuum cast ingots of 4% Si 
transformer steel were less porous 
than normal. 

This distortion of elements 
throughout the cross section of Ni- 
Cr-Mo ingots was not subsequently 

(Continued on p. 148) 


METAL PROGRESS 


— 
— 
Ash 
144 


UALITY CONTROL 


Pr LUS SAVI NGS Value analysis 


suggested the use of a die-pressed forging. The result: 


SWITCH BLADE in overspeed limiting device on large General 


an 85% cost reduction and a stronger, tougher part. 


The superior strength of twice-wrought metal made possible a 


Electric motor-generators was originally an assembly A—an arm one-piece part. The excellent finish and consistent dimensional 
brazed to a brass casting which was machined, slotted, and accuracy of the die-pressed forgings eliminated all machining 
drilled. After review in the company’s Value Analysis program, but the drilling operation. The over-all cost is 15% of the origi- 


assembly was replaced by Anaconda die-pressed brass forging B. 


VALVES FOR CHLORINE AND FLUORINE shipping containers must have unusual 
corrosion resistance and high strength. Superior Valve & Fittings Co., 
Pittsburgh, specialists in handling halogens, looked for a forging alloy 
that would be suitable. American Brass Company metallurgists suggested 
die-pressed forgings of a slightly modified Everdur® -1014, an aluminum- 
silicon bronze, for this chlorine-fluorine service, and this customer is find- 
ing wide use for it in other severe service, too. The twice-wrought metal 
of Anaconda die-pressed forgings has dense structure to prevent leaks— 
strength and toughness to take rough handling. Yet it can be machined in 
automatic-chucking machines resulting in good cost control. 
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nal part. 


HE vital job of controlling quality and 
4 iat may be easier than you think. 
Anaconda technical specialists will gladly help 
you find the right alloy and mill form to do both. 
See your American Brass Company represen- 
tative or write: The American Brass Company, 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont. 


DIE-PRESSED FORGINGS 
EXTRUSIONS 


SPECIAL-SHAPE TUBES 
FABRICATED METAL PARTS 


products of 


ANACONDA’ 


made by The American Brass Company 
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NOW... 


SUPERIOR FORMABILITY 
IS AVAILABLE IN 
AN EXTRA-STRENGTH STEEL 


BEST LOW-ALLOY EXTRA-STRENGTH STEEL YOU CAN BUY 


N-A-XTRA HIGH-STRENGTH is a heat-treated steel now available in 
minimum yield strengths of 80,000-110,000 psi. 


Unlike most steels of this strength and toughness, N-A-XTRA can 
be cold formed into difficult shapes, gas-cut, sheared, machined, 
and otherwise handled by conventional fabricating methods. It has 
superb weldability—by any process. And its great strength gives 
designers and engineers a unique opportunity to eliminate useless 
dead weight from finished products. 


For complete information on N-A-XxTRA—the best low-alloy extra 
high-strength steel you can buy — write Great Lakes Steel Corpora- 
tion, Detroit 29, Michigan, Dept. E-9. 


AXTRA 
GREAT LAKES STEEL 


A DIVISION OF NATIONAL STEEL CORPORATION le 
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Here come 10,000 valves 
--e-and all with uniform hardness 


Even heat throughout a dense, 2,000-lb load .. . 10,000 uniformly 
hardened valves every time... valves free from distortion with no 
rejects. 

Eaton Manufacturing Company’s Valve Division in Battle 
Creek, Michigan, expects and gets performance like this from their 
Hevi-Duty pit furnaces. The furnaces are used 24 hours a day for 
the age-hardening of valves for automotive and industrial engines. 
An efficient baffle and fan system provides an even rate of heating 
throughout the dense load, adding to over-all uniformity. 


Eaton purchased five small Hevi-Duty pit furnaces early in 
World War II. Exceptional performance by these furnaces led to 
the addition of larger units to meet increased demands. All units 
have given excellent service. None have required more than normal 
maintenance since installation. 


If uniformity is important in your work, investigate Hevi- 
Duty furnaces. Write for Bulletin 646. 


® Heat Processing Furnaces 
® Dry Type Transformers 
® Constant Current Regulators 


Vacuum Casting . . . 


influenced by vacuum casting. Sul- 
phur prints, however, indicated that 
vacuum-treated ingots had shorter 
pipes and smaller V-shaped segre- 
gates. Furthermore, the width of 
the regions in which axial segrega- 
tions occurred at the top and bottom 
of the ingots was increased by the 
vacuum treatment. These effects 
were more pronounced in ingots 
which had been treated for longer 
times. 

The vacuum treatments also 
influenced the primary cast ingot 
structure. The thickness of the sur- 
face zone of columnar crystallization 
decreased with the pressure in the 
casting chamber and with longer 
treating times. The region of ran- 
domly oriented dendritic crystals, 
inside the columnar zone, was wider 
than normal. Furthermore, the size 
of the grains in that region and of 
the equiaxed crystals at the center 
was appreciably finer in vacuum-cast 
ingots. 

The studies indicated that vacuum 
treatments minimize the effects pro- 
duced by variations in pouring rates, 
ingot stripping times, and over- 
heating. Hence they should result 
in more uniform ingot quality as 
well as preventing flaking. Me- 
chanical properties of forgings made 
from vacuum cast ingots did not 
appear unusual. The amount of re- 
duction produced by forging had 
more effect than casting practice on 
transverse properties. 

F. W. Boutcer 


Aluminum Welding 


Digest of “The Metallurgy 
of Welding Aluminum and Its 
Alloys”, by W. I. Pumphrey and 
E. G. West, British Welding 
Journal, Vol. 4, July 1957, p. 
297-306. 


oo AUTHORS discuss the influence 

of temperature, oxygen, and 
hydrogen on the quality of the weld 
in aluminum alloys. 

The expansion of the metal during 
welding and its subsequent contrac- 
tion during cooling may cause 
stresses in the metal. The heat- 
affected zone may lead to local re- 
duction of mechanical properties or 
corrosion resistance. If the parent 
metal has been work hardened or 
heat treated before welding, the in- 


METAL PROGRESS 


t be. 
! 
| 
| vi-DUTT. 
vicD 
ELECTRIC CO- 
148 


crease in temperature will soften the 
metal locally. In heat treated parts, 
this may result in an appreciable 
local reduction in strength. The cor- 
rosion resistance of the heat-affected 
zone may be altered, and local 
heating may also result in grain 
growth in cold worked metal. 

Aluminum oxide is always present 
on the surface of aluminum-base 
materials after exposure to the air. 
This oxide layer must be removed 
completely during the welding oper- 
ation, otherwise it prevents globules 
of molten metal from coalescing, 
and this gives regions of inadequate 
fusion. Furthermore, oxide particles 
that may be trapped in the weld 
metal possess no ductility and lead 
to brittle failure of welds. In gas 
welding and metal-arc welding, it 
is necessary to use a mixture of 
halogen salts to remove this oxide. 

Hydrogen may be taken up by the 
weld pool from the following 
sources: welding flame, arc, moisture 
on the surface of the metal, filler 
wire, flux and atmosphere. This 
hydrogen may cause porosity which 
is concentrated near the surface 
alongside the weld, and this may be 
sufficiently severe to produce blis- 
tering. Porosity reduces the strength 
of the metal appreciably and may 
also affect the tendency to cracking. 
The tendency to gas porosity is more 
severe as the thickness of the weld 
increases and as the speed of weld- 
ing decreases. In aluminum-mag- 
nesium alloys the tendency to gas 
porosity increases as the magnesium 
content increases. 

In the majority of commercial 
aluminum alloys, cracking may take 
place when welds are made under 
restraint. The cracking tendency 
may be reduced by using a filler 
material of a higher alloy content 
than that of the parent metal. In- 
creasing the alloy content of the 
weld metal also results generally in 
the increased strength of the weld. 
Aluminum-magnesium alloys are 
commonly welded with a filler ma- 
terial containing 30 to 50% more 
magnesium than the parent plate. 
Care must also be taken to avoid 
undesirable elements being present, 
that is, sodium in aluminum-mag- 
nesium alloys. Another important 
factor in deciding the composition 
of the filler material in relation to 
the parent metal is the corrosion 
resistance of the resulting weld. 
Any increase in the quantity of al- 


AUGUST 1959 


Hevi-Duty furnace earns $1,000 
per month for Bedford Gear 


The installation of a Hevi-Duty Clean-Line, automatic, heat treat 
unit has eliminated $1,000 per month in scrap losses for Bedford 
Gear and Machine Products Company, Bedford, Ohio. 

In addition to the elimination of rejects, savings in time, han- 
dling and outside heat treating costs have been realized. 

The Clean-Line installation includes a Carbonitrider, Washer, 
Atmosphere Draw Furnace and a 1000 CFH Endothermic Gen- 
erator. All loading tables are the same height, enabling Bedford 
to transfer loaded baskets from one unit to another on a dolly, 
or Once loaded, individual parts are 

again un come out o 

y the draw, completely 
: Carburizing is usually done at 1700° F. with case depths of .030 
in. obtained in three hours at heat. Carbonitriding is run at 1550° F. 
to 1625° F., depending upon case depths desired, core hardness and 
bore size to be held. Automatic control of the quench oil tempera- 
ture between 150° F. and 250° F. also helps control size which, in 
many instances, is held to within .001 in. 

Bedford’s savings over previous operations and elimination of 
rejects will pay for the new equipment in a matter of months. Mod- 
ern equipment can improve your costs and quality. Let us send you 
a detailed bulletin on Hevi-Duty Clean-Line equipment — and 
arrange for an engineer to call and show you ways to reduce costs, 
improve quality. Write for Bulletin D-100. 


® Industrial Furnaces 
electric and fuel 


® Laboratory Furnaces 
® Dry Type Transformers 
* Constant Current Regulators 


— 
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Section of die used for making a ceramic component for the 
electrical appliance industry. One half of the dark center por- 
tion subjected to wear is made from Kennametal grade K96 
. «the other half from an “equivalent” competitive carbide. 


By accident... this company found 


There is a difference in CARBIDES 


An accident that broke one section of this die gave Du-Co Ceramics 
Company, Saxonburg, Pa., an excellent opportunity to compare carbides. 
The original die was made from Kennametal grade K96 and had turned 
out 800,000 steatite hooks before the accident. In replacing the broken 
section, an “equivalent”? competitive carbide was selected. 

After an additional run of 200,000 hooks, the original K96 section of the 
die still showed no sign of undercutting from abrasion. A dull finish was 
the only evidence of wear . . . after 1,000,000 pieces. 

The other, newer section, however, showed definite undercutting after 
the 200,000 run and Du-Co estimates a total of 500,000 hooks will be its 
maximum life. 

Nine different grades are included in the Kennametal family of hard 
carbide compositions. There is one that will best match your need for long 
wearing dies, brick mold liners, spray nozzles, pulverizing hammers, 
jiggering and forming tools and other wear applications. Why not find 
out more about this remarkable metal with unusual resistance to abrasion 
and corrosion, high impact strength, and three times the stiffness of steel. 
Contact your Kennametal Representative, or write KENNAMETAL INc., 
Department MP, Latrobe, Pennsylvania, for Booklet B111A ‘‘Character- 


istics of Kennametal.” 97217 
*Trademark 


Al Welding . . . 


loying metal tends to reduce re- 
sistance to corrosion. Subsolidus 
cracking, which has been observed 
in some aluminum alloys, can be 
reduced by taking special precau- 
tions during welding or by welding 
in the annealed or solution-treated 
condition followed by final heat 
treatment if possible. 

Postweld treatment is undertaken 
on cast aluminum alloys only when 
the alloy is a heat treatable one; 
then, if practicable, the whole as- 
sembly is heat treated normally. 

Soft, nonheat-treatable metals or 
alloys are given good uniformity 
and continuity across the joint by 
cold or hot working followed by 
annealing. The cast structure of 
welds in work hardened, nonheat- 
treatable metals or alloys can be 
similarly broken down by hammer- 
ing. The strength of welded heat 
treatable alloys can be restored only 
by a full heat treatment of the 
welded assembly. Where this is 
impractical, some improvement of 
the welded area can be obtained by 
working the weld to give a wrought 


structure. 
A. CouTuRE 


Tracing Casting Inclusions 


Digest of “Study of Non- 
metallic Inclusions in Castings, 
Using a Radioactive Tracer”, by 
B. B. Gulyaev and others, 
Foundry Trade Journal, Sept. 
18, 1958, p. 341-344; translated 
from Liteinoe Proizvodstvo, Vol. 
8, August 1956. 


Any of the nonmetallic inclusions 
in castings are particles eroded 
from mold refractories and drops of 
ladle slag entrained in the pouring 
stream. Both sources of inclusions 
were investigated by using the tung- 
sten isotope 185 as a radioactive 
tracer in refractory materials. The 
final location of the eroded or en- 
trained radioactive material was de- 
termined by exposing X-ray film 
placed on the surfaces of the castings 
for a suitable length of time. The 
radiographs disclosed the radioactive 
material located within 0.24 in. of 
the surface. The test plates, approx- 
imately 2 x 10 x 20 in., were cast 
horizontally. 
The erosive action of liquid steel 
was studied by incorporating the 
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GUARANTEED MILLIVOLT- 
AGE MATERIAL: The world's 
standard of accuracy for con- 
trolling the heat treatment of 
metals. Unconditionally guaran- 
teed to register temperature-emf 
values within +4°F. from —300° 
to +530°F.; and within +% & 
from +-531° to +2300°F. 


EMF OF CHROMEL-ALUMEL THERMOCOUPLE ALLOYS AS A 


specially processed to close resis- 
ESTABLISHED BY THE NATIONAL BUREAU OF STANDARDS tance limits for accurately measur- 
—300°F. to +2300°F. Reference Junction -+32°F. 


ing the high exhaust temperatures 
of jet aircraft engines. 


HOSKINS 
romel-Alumel 
THERMOCOUPLE ALLOYS 


SPECIFICATION 3-G-187: A special 

: grade of material developed to meet 

critical control requirements of nuclear 

200 0 200 400 600 800 §86=. 1000 1200 1400 1600 1800 2000 2200 2400 reactor applications. It is highly resistant 


4 to corrosion and has good stability of emf 
van TEMPERATURE — DEGREES FAHRENHEIT e704 during long exposure at 500° to 1000°F. 


CHROMEL-ALUMEL EXTENSION LEAD WIRE 
Widely used with Chromel-Alumel thermocouples 
to eliminate the cold-end errors often caused by 
so-called “compensating” leads of different com- 
positions. Unconditionally guaranteed as to accu- | 
tacy at temperatures up to 400°F. 


*TRADE NAMES YOU CAN TRUST 


for accurate temperature measurement! 


When you buy thermocouples, bear these facts in mind: Hoskins 
Chromel-Alumel are the only base metal alloys known which have been 
thoroughly proved in use at operating temperatures ranging from —300° 
to +2300°F. They are unconditionally guaranteed as to accuracy, 
extremely sensitive to temperature fluctuations, highly resistant to 
oxidation. What’s more, when properly installed in suitable protection 
tubes, they give long-life service in any commercial furnace atmosphere. 
Catalog M-56-CA contains complete technical data—send for it today! 


SPECIFICATION 3-G-170: Specially processed close 


tolerance material widely used for precision re- Genuine Chromel and Alumel are produced exclusively by 
ronan trom 1000°F. 10 HOSKINS MANUFACTURING CO. 


4445 LAWTON AVENUE ¢« DETROIT 8, MICHIGAN 
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A new floating zone fixture for the produc- 
tion of ultra-high purity metals and semi-con- 
ductor materials. Purification or crystal grow- 
ing is achieved by traversing a narrow molten 
zone along the length of the process bar 
while it is being supported vertically in va- 
cuum or inert gas. Designed primarily for pro- 
duction purposes, Model HCP also provides 
great flexibility for laboratory studies. 


Features 


@ A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota- 
tional speeds, all independ- 
ently controlled. 

@ An arrangement to rapidly 
center the process bar within 
@ straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bars. 

@ Continuous water cooling for 
the outside of the quartz tube 
during operation. 

@ Assembly and dis-assembly of 


FLOATING ZONE FIXTURE FOR METAL REFINING 
AND CRYSTAL GROWING 


INDUCTION 


Model HCP 


Electronic Tube Generators from 1 kw to 100 kw. 


t from 2 


— ——J = 


Wet 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY, N. Y 


radioactive material in cores made 
from different molding mixtures. 
Cores made from oil-bonded mix- 
tures, and water-glass bonded and 
clay-bonded green sand were placed 
in gates of different castings. Ero- 
sion was most severe with green sand 
gates and least severe with oil- 
bonded gates. Stronger cores were 
more resistant to erosion. Tests 
with low-carbon steel showed that 
raising the pouring temperature from 
2750 to 2910°F. increased the 
amount of material eroded from 
sand-clay runners. Apparently the 
surface layers of mold refractories 
are easily eroded if metal tempera- 
tures are high and if the refractories 
are weak. 

Experiments were also made by 
incorporating the radioactive tracer 
in refractory inserts placed in the 
base of the sprue. Three insert 
shapes were compared. Less erosion 
occurred when the base of the sprue 
was deep and semispherical than 
when it was flat or hemispherical 
with a depth equal to the radius of 
the sprue. Material washed from 
the bottom of the sprue concen- 
trated near the top surface of the 
test plates. A few small inclusions 
were present near the bottom sur- 
faces. Apparently they were too 
small to float to the top of stream 
in the time available. 

The entrainment of slag was 
simulated by adding radioactive 
nonmetallics to the surface of the 
metal in the pouring cup. These 
experiments were made with iron. 
Inclusions of material added in the 
pouring basin concentrated at the 
bends or turns in the gating system 
and at the joint between the slag 
trap and riser. The larger particles 
that reached the mold floated to the 
top surfaces of the casting and were 
more numerous near the riser. The 
finer particles were trapped near the 
bottom surfaces of the castings. The 
amount of radioactive material 
trapped in the top layers of the 
plates was not affected by the three 
types of gating systems investigated. 
In these experiments, the maximum 
ratio of cross-sectional area of gate 
to sprue or vice versa was | to 1.4. 
Studies were made where sprue- 
gate-runner areas were uniform, con- 
tinuously choking or continuously 
expanding. F. W. Boutcer 


METAL PROGRESS 


ly 
A AA »/ Ds i Be 
AEALING 
Af Wwe Line of induction KG | 
J - most thought in the field 
eetomes ap well athe most rca and NG 
iticient yet developed for numerous 
i Completed job with Tull data and recommandstions without any 
cost or obligations. ~ 
| 
| 
5! 
| 
| i | ‘ 
this system including removal 
ee of the completed process bar : 
| is simple and rapid. rs 
to with the “4 
|| 


NOW! IMMEDIATELY AVAILABLE 
FROM OLIN ALUMINUM... 
COLD PROCESSED ROD 


AND SCREW MACHINE STOCK 


For all the high-quality aluminum rod and screw machine stock 
you need ... when you need it and as you need it... 
just call your nearby Olin Aluminum sales office or distributor. 


Olin Aluminum is today’s fast-moving, machinable metal. 
It gives you top-speed cutting. It’s rapidly 
handled and shipped. It’s cold processed for uniform 
grain size (a quality plus). You get three times 
as many parts per pound as you get with other metals 
and—in many cases—aluminum parts need 
no further finishing. You save many ways! 
What's more, you can always count on fast technical 
assistance from the design, metallurgical and 
technical services of Olin Aluminum—America’s new, 
fully-integrated producer. 


Olin STAK-PAK gives you 
easier handling and greater 
stackability . . . protects 
your stock against 
scratching and abrasion. 


LIN 


OLIN MATHIESON + METALS DIVISION + 400 PARK AVENUE + NEW YORK 22, N. Y. LIN 
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Bausch & Lomb gives you two safe 
new ways to see and photograph 
radioactive materials. 


Bausch & Lomb 
REMOTE CONTROL 


Stereomicroscope 

© Sharp 3-D views of standard 
laboratory instrument quality 

e@ 5x7” stereo camera 

@ %X to 30X magnification 

@ Non-browning optics 


Bausch & Lomb 


REMOTE CONTROL 
Metallograph 


@ Direct views or photography, by 
bright field or polarized light 

© 25X to 2000X magnification 

@ Non-browning optics 


BAUSCH 6 LOMB Write for Manual D-287, containing speci- 


i fications, technical data and photographs. 
Bausch & Lomb Optical Co., 84944 St. Paul 


Street, Rochester 2, New York. 


Temper Embrittlement 


Digest of “Temper Embrittle- 
ment in Nodular Cast Irons”, 
by G. N. J. Gilbert. Paper pre- 
sented at the annual meeting of 
the American Foundrymen’s So- 
ciety; Cincinnati, Ohio, May 
1957. 


VERY EXTENSIVE investigation of 

the effect of composition, heat 
treatment, rate cooling, and aging of 
nodular cast irons is given in this 
paper. Ferritic nodular cast iron, 
like malleable cast iron, sometimes 
becomes embrittled when quenched 
from 840° F. This is the tempera- 
ture of galvanizing. 

Altogether 16 different irons were 
studied. These varied chiefly in 
silicon and phosphorus, since in- 
creases in these elements increase the 
temper brittleness. Silicon varied 
from 0.93 to 2.73%. Phosphorus 
varied from 0.024 to 0.16%. All 
the irons were given a preliminary 
anneal, consisting of heating to 
1650° F. for 16 hr., furnace cooling 
to 1270° F. and holding for 48 hr., 
and then furnace cooled. This was 
done to insure a completely ferritic 
structure with no pearlite present. 
The irons were then heat treated: 

1. As annealed. 

2. 1 hr. at 840° F. and quenched. 

3. 1 hr. at 1200° F. and quenched. 
Testing followed. 

It is well known that quenching 
from 840° F. develops the maximum 
brittleness. Impact tests were then 
made at temperatures between 
+300° F. and —300° F. to deter- 
mine the transition temperature for 
each iron at each heat treatment. 

The low-silicon, low-phosphorus 
iron (0.93 Si, 0.024 P) showed a 
transition temperature of about 
— 125° F. for all heat treatment. The 
high-silicon, low-phosphorus _ iron 
(2.73 Si, 0.028 P) showed a transi- 
tion temperature of about + 160° F. 
for the 840° F. quench and about 
+100° F. for the other heat treat- 
ment indicating the effect of silicon 
on the temper brittleness. The high- 
silicon, high-phosphorus iron (2.10 
Si. 0.162 P) had a transition temper- 
ature of +300° F. for the 840° F. 
quench and + 100° F. for the 1200° 
F. quench. This shows the profound 
effect of phosphorus in developing 
brittleness at 840° F. 

Iron No. 6 (2.25 Si and 0.97 P) 
was subjected to various aging treat- 
ments to determine the effect on 
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@ When 35-year-old, nationally known 
Estwing Manufacturing Co. of Rockford, 
Ill., guarantees these handsome, 

newly designed curved claw hammers as 
unbreakable in normal use—they 


mean just that. 
Oecent Ou Sxeellence It takes steel of the highest quality to 


produce a hammer that can live up to 
such a guarantee. As a result, Estwing 
Carbon Steel Bars as raw material for 
carbon bars 


the hammer’s one-piece head-handle 


forging. It’s never let them down, 


Wherever steel becomes a part of 
things you make, the high standards of 
Youngstown quality, the personal 
touch in Youngstown service will help 
you create products with an 


“accent on excellence”’. 


THE 


YOUNGSTOWN 


SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel 
Youngstown, Ohio 
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SPECIALIZED WELDED _ Stowe FABRICATIONS 
/ 


OUR EXPERIENCED 
FIELD SERVICE ENGINEERS 
EXPEDITE YOUR “SPECIALS” 


Rolock experts in welded alloy fabrication are ready to go anywhere at any time to aid 
in designing equip t to meet special service requirements. Rolock service is based on a 
well-rounded coordination of experienced design and supervisory engineering, extensive 
modern manufacturing facilities, inspection and test equipment. 

Alternatively, send us an outline of your requirements for our recommendations or for 
quotations to your specifications. 


Special INCONEL High 
Temperature Vacuum 
Retort approximately 2 ft. 
in diameter by 8 ft. high. 


VACUUM 
RETORTS 


We hove the facilities and experienced personnel 
to handle your requirements in special vacuum 
retorts welded-fabricated from Nickel, Inconel, or 
other special alloys. Rolock assures experienced 
engineering supervision and production in a 
modern plant fully equipped for inspection and 
testing as well as fabrication. 


FABRICATED ALLOY 
HIGH VACUUM 
FURNACE BELLS AND BASES 


Mustration shows one of many 
special large fabrications typical 
of this type of equipment made 
by Rolock. This bell is of %” In- 
conel and, together with its base, 
incorporates a number of unusual 
features. Rolock is equipped to 
build and test such equipment to 
customer's exact specifications. 


WELDED-FABRICATED 

INCONEL 
SPECIAL TUBING 
AND FLANGES 


Wustrated are typical special tubing 
and flange forms fabricated by Rolock 
to customer's specifications. Special 
equipment and skills required for this 
type of work are available at Rolock, 
together with engineering assistance 
when required. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


JQB-ENGINEERED for better work 


aie Easier Operation, Lower Cost 


Embrittlement . . . 


impact transition temperature. When 
this iron was quenched at 1200° F., 
it was ductile under all conditions. 
However, when subsequently heated 
at 840°F., it became embrittled 
after 24, 100 and 166 hr. One hour 
at 840° F. was not sufficient time to 
develop brittleness. 

An iron containing 2.08 Si and 
0.08 P plus 0.16 Mo was found to be 
ductile at all stages of heat treatment 
and aging. The presence of this 
amount of molybdenum practically 
eliminated the brittleness. 

Irons treated but slowly cooled 
from 840° F. instead of quenched 
have their ductility progressively in- 
creased during this slow cooling. 

A susceptible iron quenched from 
1200° F. is more ductile than when 
slow cooled from this temperature. 

Embrittlement induced by treat- 
ment at 840°F. in an iron slow 
cooled from about 1200° F. can be 
removed by quenching from a tem- 
perature of 1200° F. 

The susceptibility of nodular cast 
iron to temperature embrittlement is 
increased by phosphorus and silicon, 
but phosphorus is much more effec- 
tive than silicon. E. C. Wricut 


Gray Iron Inoculants . . . 


Digest of “Inoculation of 
Gray Cast Iron”, by N. C. Mc- 
Clure, A. U. Khan, D. D. Mc- 
Grady and H. L. Womochel. 
Paper presented at the annual 
meeting of the American 
Foundrymen’s Society, Cincin- 
nati, Ohio, May 1957. 


AN EXTENSIVE investigation of the 
inoculation of gray cast iron is 
described. About 20 250-Ib. heats 
were melted and seven different in- 
oculating agents were used. These 
are: ferrosilicon (92.7 Si, 1.7 Al, 
0.3 Ca); calcium-silicon (64.0 Si, 
31.7 Ca, 1.7 Fe, 1.1 Al); silicon- 
manganese-zirconium (62.8 Si, 2.2 
Ca, 6.5 Mn, 5.5 Zr); silicoman- 
ganese (18.5 Si, 66.5 Mn, 13.0 Fe, 
1.3 C); pure silicon; pure calcium; 
pure aluminum. The experimental 
procedure was as follows: 

All of the heats described in this 
report were made in a 250-lb. in- 
direct arc, rocking furnace. Charges 
in the cold furnace consisted of pig 
iron, structural steel, ingot iron 
punchings, and 27% ferrosilicon. 
Manganese and sulphur contents 
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builds 
Better Furnaces for Industry 


Special Car Bottom, 
Heat Treating Furnaces 


The Denver Fire Clay Company designs 
and supervises the construction of special 
car bottom, heat treating furnaces to your 
requirements. 


The efficient design of each furnace is 
assured by many years of experience in the 
manufacture of industrial furnaces. Con- 
structions for heat treating carbon steel, 
manganese steel and malleable iron castings; 
also for stress relieving welded steel assem- 
blies and forgings. 


Prerequisites of every DFC Furnace 
design are Simplicity, Durability and 
Efficiency. Let our engineering staff help 
with your heat treating problem. 


SEMI-MUFFLE TYPE 


A HEAT TREATING FURNACE 
Denver Fire Clay Company 


AUGUST 1959 
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Mail this coupon today “Qaaeares 
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Progressive Foundry Engineering 
Develops Accurate Components.. 


-again, UNITCASTINGS 
do the job beffer! 


Unitcast foundry technicians, working 
hand-in-hand with customer’s engineers, 
match new processes and developments with new 
steel casting demands. 


The close tolerance requirements of this new 
horizontal gate mechanism proved a challenge. 
Designed around a new hypo-cyclic gear to reduce 
operating effort 80%, finished costs had to remain 
competitive. Each component was delivered to 
finished size with only touch up grinding necessary 
before assembly, and a high quality, durable product 
was marketed with the benefit of cast steel. 


Unitcast offers similar service to help you with 
close tolerance, cost reducing problems. 
Write or call today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


SPECIFICATION 


Gray Iron Inoculants .. . 


were adjusted immediately after the 
meltdown with additions of iron 
sulphide and 80% ferromanganese. 

All melts were brought to 2850° F, 
as determined by optical pyrometer 
readings through the spout. This 
temperature was selected as being 
representative of general practice, 
and as providing sufficient latitude 
of temperature to transport the metal 
to the molds, skim the ladle, read 
the temperature with an optical 
pyrometer, and pour at the tempera- 
ture selected for these experiments, 
2650 to 2675° F. 

All ladle additions, unless other- 
wise indicated, were made by tap- 
ping a small amount of metal into 
the ladle and then adding the in- 
oculating alloy continuously as the 
balance of the iron entered the ladle. 
During this operation, an effort was 
made to carry the inoculant under 
the surface with the molten stream. 

In ladle treatments with active 
metals, special procedures were re- 
quired. These will be described for 
the individual cases. 

The time interval between tap- 
ping and pouring varied in general 
from 2 to 4 min. This time was 
required for the metal to cool from 
the tapping temperature, and for 
transportation, skimming, and de- 
termination of temperature. 

Metal from each ladle was cast 
into vertical, dry sand-core 1.2-in. 
standard test bar molds, washed 
with a noncarbonaceous silica wash. 
These bars were broken on 18-in. 
centers in accordance with standard 
procedure. All transverse test bar 
results were the average of three or 
more bars. Bars showing defects in 
the fracture with abnormally low 
results for breaking load and deflec- 
tion were not included in the aver- 
age. The number of test bars 
poured varied from three to five. 
Bars were cleaned with a wire brush. 

The influence of calcium was out- 
standing among all the various inocu- 
lating agents. For example, iron 
treated with ferrosilicon had a trans- 
verse strength of 2665 lb., a de- 
flection of 0.208 in. and a tensile 
strength of 46,910 psi. The same 
iron treated with calcium had a 
transverse strength of 3728 Ib., a 
deflection of 0.394 in. and a tensile 
strength of 59,200 psi. The great 
increase in property due to calcium 
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ANNEALING. 


CAMBRIDGE METAL-MESH BELTS give you 
the low-cost, continuous production you 
need to beat competition in the ’60’s! 


Metal products of all types move through 
sintering, brazing, annealing, quenching, 
washing or hardening operations faster— 
and without costly manual handling. Uni- 
formity is high because heat, gases or 
liquids flow through the belt and around 
the product for thorough treatment. 


Superior belt design and manufacturing 
techniques save on operating cost, too, 
by giving longer belt life, fewer repairs. 
Belts can be made heatproof, coldproof, 
corrosion resistant—in any mesh, weave, 
metal or alloy—with any side or surface 
attachments. 
Call your Cambridge Field Engineer 
now. He'll be glad to discuss any 

pect of Cambridge Belts—from 
monvufacture to installation and 
service. Look in the Yellow Pages 
under “Belting, Mechanical". Or, 
write for FREE 130-PAGE REFER- 
ENCE MANUAL. 


The cambridge 
Wire Cloth Co. 


Department B e Cambridge 8, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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Rotoblast 
Steel Shot 


reduces 
abrasive 


consumption 
more than 


50% at 


Atlantic Steel 


Castings 


“Rotoblast Steel Shot 
cuts abrasive costs in half!” 


“Talk about a rugged cleaning job!”’ says Mr. 
William Burrows, Plant Manager, Atlantic 
Steel Castings Co., Chester, Pa. ““Our castings 
are carbon and low alloy steel, running as big 
as eight tons each. We used to think we had a 
good abrasive until we tried Rotoblast Steel 
Shot. Our tests proved (and we double-checked 
them to make sure) that Rotoblast cut our shot 
consumption per wheel hour to less than half. 
That means our abrasive costs are cut exactly 
in half! Also we've found that Rotoblast gives 
us the kind of finish that our customers in the 
railroad, steamship, steam turbine* and auto- 
motive industries demand.” 


Prove Rotoblast’s cost- 
cutting qualities in your plant. 
To arrange a trial, talk to 
your Pangborn man or write 
PANGBORN CORPORATION, 
1800 Pangborn Blvd., Hagers- 
town, Md. Manufacturers of 20TOBL AST 
Blast Cleaning and Dust Control STEEL SHOT 
Equipment — Rotoblast Steel iM we 
Shot and Grit. - 


*The toughest castings in industry to clean. 


ROTOBLAST° 
STEEL SHOT 
AND GRIT 


‘Gray Iron Inoculants . . . 


was occasioned by the fact that most 
of the graphite was in the Type A 
distribution whereas the silicon 
treated alloys showed a tendency 
toward Type D distribution. 

Silicon and silicomanganese 
(which was relatively free of calcium 
and aluminum) were not effective 
as inoculants. 

The inoculating ability of various 
commercial grades of ferrosilicon in- 
creased with the calcium and alu- 
minum contents. Low-calcium grades 
had very little effect. 

The silicon-manganese-zirconium 
alloys containing somewhat more 
calcium than is found in commercial 
ferrosilicon were more effective than 
ferrosilicon. 

The most effective inoculant for 
the improvement of mechanical 
properties in these experiments was 
the calcium-silicon alloy with ap- 
proximately 30% Ca. 

Metallic calcium additions to the 
ladle brought about marked im- 
provements in mechanical properties 
and graphite distribution. With the 
exception of calcium-silicon, calcium 
was superior to all other inoculating 
agents tested in these experiments. 

Metallic calcium was effective in 
reducing chilling tendency and cell 
size of cast iron microstructures. 

Calcium additions reduced the 
carbon content of molten iron by 
formation of a carbide of low solubil- 
ity; it is suggested that calciuin 
carbide is involved in the mechanism 
of Type A graphite formation. 

Although aluminum was a power- 
ful chill reducer, its addition to cast 
iron did not promote Type A graph- 
ite distribution. Thus chill reduc- 
tion is not necessarily associated with 
an improvement in the graphite 
distribution. E. C. Wricut 


MACHINING OF METALS 


| Experts look upon the tech- 
| niques of machining wrought 

metals, cast alloys, toolsteels, and 

nonferrous metals. Includes such 

information as physics of metal 
_ cutting, machinability of ingot 
iron. 177 pages—6x9—cloth—illus- 
trated—$3.00. Clip and send to 
Technical and Engineering Book | 
Information Service, 7301 Euclid 
_ Avenue, Cleveland 3, Ohio. 


METAL PROGRESS 


— 
7 
= — 
4} 


The Buyers Guide 
For Metals Engineers 


LA-CO 
Aluminum Soldering Flux 


Now ...Solder Aluminum 


with ordinary soft solders 
® Use 60-40, 50- 
50, 40-60, 95-5 
solders 
® No new solder- 
ing techniques 
® Non-acid . 
Self-cleaning 
A major break- 
through in alu- 
minum fabrication 
Use ordinary soft 
solders . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc 


Write for sample, or 
engineering help on 

any fluxing problem. 
[2 LAKE Chemical Co. 
3079 W. Carroll Ave., 

Chicago 12, til. 


LA-CO 
Silver Solder Flux 


Greater speed and economy 
for all silver 


® Packed in tins 

* Will not harden 
Non-acid .. . 
Self-cleaning 


For all silver sol- 
dering in 1125° to 
1700° F. heat range. 
Dissolves all refrac- 
tory and non-refrac- 
tory oxides — 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
ways-ready paste form . . . will not harden 
or crystallize. 


3079 W. Carroll Ave. 
fA: an Chicago 12, Ill. 


souott 


Write for sample, or 
engineering help on 
any fluxing problem. 


LAKE Chemical Co. 


Stainless Steel & Chrome 
Soldering Flux 


Safer... Surer... Cleaner 


* Doesn't stain 
Non-acid 
Self-cleaning 


For soldering all 
stainless steel and 
chrome, __includin q 
300-400 Series, wit 
ordinary soft sol- 

ders. Requires no 
pre-cleaning. Acid- 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form 


Write for sample, or 


cay 
[E LAKE Chemical Co. 


LA: co 3079 W. Carroll Ave., 
ena Chicago 12, Ill. 
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elements 
Multi-insulation 


Counter-weighted, tight-sealing door 
Operational pilot light 
Shipped ready to operate 


HUPPERT ELECTRIC FURNACES AND OVENS 
for Laboratory 
BENCH MODELS 


Range: 300°F. to 2000°F. 
High temperature, heavy-duty Kanthal 


and Plant 


FLOOR MODELS 
28 Standard Sizes 


@ Continuous operation to 1850°F.— t 
intermittent to 1950°F.—for 2300°F. 
on special order. 


@ Complete with automatic electronic 
controller. 


@ Tight-sealing, wedge-type door, 
@ Multi-insulation for maximum 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


Inside Prices 
Dimensions 220 Volt Single Phase efficiency. 
Model KW] With Huppert] With Elec- 
No Wide | High | Deep Input tronic Prop 
Controller Controller 
“For 2300°F. add 
$95.00 to No. 11 and 869 8 6” ll 4 $296.00 $480 00 
No. 12, and $105.00 to 11°] 8 6” 12” | 4 306.00 518.00 
No. 12A. No 12A can ib 8” 8” 12” 6 382.00 590.00 
be furnished for 3 phase 12a° 8” 8” 18” 9 490.00 698.00 e 
ot no additional cost 


For floor model add 
$52.00 to above prices 
No. 869 standardly sup- 
plied for 2200°F. 


6844 Cottage Grove Ave., Chicago 37, Illinois 


* Also Special Models for Specific Requirements 
Special KR-Supers to 3100 F. 


Request new catalog on 


furnaces, ovens, data, prices. 


LIST NO. 194 ON 


INFO-CC 
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% Send for free value 
analysis forms on your present 
wire requirements ... Save up to 
40% with a new SHUSTER! 


% Send for free wall-size 
wire chart from 41 gauge to 


7/0. 


* There is a SHUSTER 
available to straighten, or 
straighten and cut, wire from 
to 11/16”. 


Check your interests, 
clip ad, attach to your letter- 
head and mail to us! 


155-159 Adeline St. 
NEW HAVEN, CONN. 
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FAST NATION-WIDE SERVICE 
YOUR STEEL OR OURS 


Complete Source For Forged Products Up To 4000* 
Rings, discs, spindles, bars or special shopes to your 
specifications. 

28 Years Of Specialized Experience 
In production of high speed tool and alloy steel 
flot die forgings. 

Ample Stocks Of Steel Always On Hand 


Expert High Speed Steel Blacksmiths 


aay or write for free cost quotation on yo 


forging requirements 


—_ 


4 


Sith ime. 


1209 MARQUETTE ROAD + HENDERSON 11-0320. CLEVELAND, OHIO 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 
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Are You Making 
the Best Use of 
YOUR Free Time? 


MOVE AHEAD 
THE MODERN WAY 


with MEI Home Study Courses 
in steelmaking, electroplating, 
foundry, welding, heat treat- 
ing, nuclear power, nonfer- 
rous, and other important 
fields of metallurgy. 


For full information write to: 


Metals Engineering Institute 
7301 Euclid Ave., Dept. PB49 
Cleveland 3, Ohio 
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straighten a. >, 

| and cut wire 

cost 

INC. 


GET A BID FROM MARTINDALE 


HOOVER METAL SAWS 


for fast, 
f precision sawing, 
SPECIALISTS IN THE FIELD OF slotting, mica 
undercutting 
Die Castings ° 


SINCE 1922 HIGH SPEED STEEL 
i i TUNGSTEN 
Aluminum and Zinc oo E 


Milled, hardened and 
ground by skilled, expe- 
rienced craftsmen to ex- 
acting specifications, 
Available in 4” to 4” O.D., complete range 
of thicknesses and tooth designs, “U” slot 
or “V” cutters. Get finest saw blade per- 
formance -lowest operating cost. 
Send for NEW CATALOG and prices 


on these and other maintenance, 
safety and production products. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 

In Canada—Hamilton, Ontario 


Cleveland 7, Ohio 
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A BIG job—for SMALL parts 


Every one of these OPC 
castings represents time PLASTER moe CASTINGS 


and money saved by a 
manufacturer. You, too, 
can save time and money 
by having OPC produce 
your small parts to the 
most exacting tolerances, 
whether you need just a 
few for experimental 
purposes or thousands 
for a production run. Our 
illustrated brochure 
shows how and why, 


OHIO PRECISION 
CASTINGS, INC. 


Box 55, Sta. A 
DAYTON 3, OHIO 
Plaster Mold Castings 
BRASS + BRONZE » ALUMINUM 
BERYLLIUM COPPER 
LIST NO. 204 ON INFO-COUPON PAGE 171! 


ECONOMY and 
PRECISION in 
POWDERED METAL 


QUALITY CONTROL 
print to finished machine eggs 
and tolerances are 


because this 
part, produced by G.E.1., will 
be viewed by discriminating 
eyes. It's a thermostat hous- 
ing for air conditioning controls manufactured 
by White-Rogers Co., of St. Louis, Mo., for 
installation in fine homes, exclusive clubs, 
hotels, restaurants and other establish- 
ments. G.E.1. extrudes this part, cuts to size, 
blanks and drills, then painstakingly hand 
polishes, chemically bright dips 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
and gold anodizes it prov- PRODUCTION OF SMALL PARTS 
tal The on Beryllium Copper @ Bronzes 


you have a need for aluminum Rounded or square edges. 
with emphasis on quality ap- 


pearance, let a G.E.1. repre- Available with hot-tinned 
sentative tell you why ens 
can fill the bill better for less finish for solderability. 


Write for descriptive folder. 
GENERAL EXTRUSIONS, INC. 


classified phere book under 


Aluminum Products 
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193 Caldwell Ave., Paterson 1, N. J. 
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NORWALK POWDERED METALS. INC. 
= 


HIGH VACUUM 


laboratory or production... 


THIS 

HIGH VACUUM T 
PORTABLE 
PUMPING 

STATION 


. Is unequalled in quality 
and performance — and 
unmatched in price! 


movet | the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 

Quenching Oils with 

QUENZINE added. 

For information on 

this new additive and 

other Beacon Brand 

Heat Treating Com- 

pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


3401 W. 140th &t., Cleveland 11, Obie 
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HIGH TEMPERATURE 3,000 F. 


The Lucifer 6055 Series is LIST NO. 2? ON INFO-COUPON PAGE 17! 


available in six standard box 


tube-t dels. 
UNIFORM HEAT ae See you in Chicago, 


throughout the work space This series incorporates elements (up to 


3,000° F.) that do not require protective 
atmosphere . . . and element resistance does November 1 to 6, 1959 
30 STANDARD not change with use. All Lucifer 6055 furnaces 
CABINET feature low initial cost and low maintenance 

cost... each furnace is a complete unit 

MODELS including automatic controller and element 


| National Metal 


Gas Cabinet Oven be Our design department will create a furnace 


at the 


; to solve your specific heat treating problem. 
@ Work space from 4.6 to 72.3 cu. ft. ¥ ° oP 


@ Temp. ranges from 100 to 1250° F For information, engineering advice or free 


@ Electronic combustion devices for gas models brochure . . . write, wire or call Congress and 


@ Indicating control instrument 
@ Factory tested 


LUCIFER FURNACES, INC” | 
Write for details Neshaminy 7, Pennsylvania xposition 


ae in Heat Process Equipment Diamond 3-0411 


GRIEFVE-HENDRY CO). Ine 
(che W. Carroll Ave Chicago 7, tll. International Auditorium 
LIST NO. 27 ON INFO-COUPON PAGE 171 LIST NO. 122 ON INFO-COUPON PAGE 171! 


Cor-Wal construction developed by Stanwood 
engineers has proved its merit in many heat 

treating departments and commercial heat treating 
shops. The heat resistant, corrugated rolled alloy 
metal used in Cor-Wal construction has better 

| loading carrying properties and provides better 


resistance to thermal stresses—works with the 
heat, not against it. Send for Bulletin 358. 


STANWOOD CORPORATION 


4817 W. CORTLAND ST., Pw CHICAGO 39, ILLINOIS 


No. 358 ; Representatives in Principal Cities 
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NEW NEVER USED FURNACES 


For Sale 
Scale Free at 2300°F. 
Three (8) SURFACE COMBUSTION 
Radiant Tube Gas Fired Rotary Hearth 
Forging Furnaces. 54” hearth diam- 
eter, 7%” sq. door opening. Air oper- 
ated door. Rated capacity 500#/hr. at 
2300°F. (Yes, that temperature is cor- 
rect.) Complete with controls and 
accessories. These furnaces are NEW! 
. NEVER USED! Present cost of re- 
placement approximately $20,000 each. 


Bought—Sold—Seruiced 
W rite for our complete list of furnaces and equipment. 


TherMaTek Company 


2618 Crane Avenue ° Phone VALLEY 2-7632 e Detroit 14, Michigan 


Rak 
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Study of 
ASM NATIONAL 


METAL EXPOSITION K 
analyzes attendance, hours Inc. 


spent at exhibits and at 
technical sessions. 


Check list of materials, 
equipment and _ processes 
visitors want to see at fu- 
ture shows. 


American Society 
for Metals 


7301 Euclid Ave. 


WE BUY — SELL — LIST 
LOCATE QUALITY USED INDUSTRIAL 
FURNACES 


26 YEARS DESIGNING—ERECTING— 
INSTALLING FURNACES 


WANTED—SURPLUS FURNACES. 
WE PAY CASH. 
WRITE FOR OUR LIST TODAY 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 


: OAK PARK 37, MICHIGAN 
Cleveland 3, Ohio Ben 3726 


Phone, Lincoln 7-6400 
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FOR SALE 


MICROMAX CONTROLS AND RECORDERS 


40—MODEL C MICROMAX INDICATING CONTROLLERS 
20—MODEL S MICROMAX INDICATING RECORDING CONTROLLERS 


20—MODEL S MICROMAX POTENTIAL INDICATING RECORDERS 
(5 POINT TYPE) 


3—ALLEN BILLMYRE 7'2 to 15 H.P. GAS COMPRESSORS 
COMPLETE WITH SELAS CONTROLLERS 


RAYOTUBES, RELAYS AND PANELS—ALL 95% NEW CONDITION 
CONTACT 


SAMUELS SONS IRON & STEEL CO. 


214 Kent Avenue Evergreen 8-4880 Brooklyn, N. Y 
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Regulate and control 
electric ovens 
and furnaces 

better, accurately, 

and efficiently with 


SORGEL 


Saturable Reactors 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated’ and varied by a 
thermostat or any other instrument or 
device 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Saturable Reactor 
with tap changing transformer 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” 


or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 
Over 40 years of electrical manufacturing 
development 
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FAST e 


ACCURATE 


Low Cost Analysis 


HIGH TEMPERATURE 


Crobaugh Laboratories uses new X-Ray 
Spectrometer and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 


COMPLETE METALLURGICAL TESTING SERVICE FOR 


@ Hydrogen, Oxygen, Nitrogen Analysis 
© Elevated Temperature Tensile and Stress 
Rupture 


@ Low and High Temperature Impact 
@ X-Ray, Gomma-Ray Radiography 


~ 
Write for Complete Facilities Brochure thn 


THE FRANK L. CROBAUGH CO. 
Member + American Council of Independent Laboratories 
3800 Perkins Ave. + Cleveland 14,0. + UT 1-7320 
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Wilson “Rockwell” 
 TWINTESTER 


e Measures both “‘Rockwell’’ and 
“Rockwell” Superficial hardness 
on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to “Rockwell” super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, ““Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Walle t Dept. DU. Ask for Bulletin TT-59 


WILSON “ROCKWELL” 
HARDNESS TESTERS 
Instrument Division 
American Chain & Cable 
230-FB Park Avenue, New York 17, N.Y. == 
LIST NO. 209 ON INFO-COUPON PAGE i7! 
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GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


SACRIFICE BEFORE MOVING! 


4 Brand New Twin-Muffle Furnaces 
for Sintering, Brazing, or Bright 
Annealing. 


Pusher Type. Globar 

Heated. 440 v./3 phase/60c. 

Capacity: 120 KW to 200 KW 

Work Dimension of each: Muffle: Width 14” 
to 18”, Length 8’ to 15’, Height, 6” to 10”. 


All complete with W.J. cooling sections, trans- 
formers, switches, atmosphere generators, 
Lectrodryers, panels with Micromax recorders 
and controllers. 


Also in stock for immediate delivery: New 
blowers, alloy trays and baskets, burners, 
solenoid valves, thermocouples, etc. 


Our stock is constantly changing! Before you 
buy any furnace or accessory, call us collect 
and let us show you how to save money! 
(Money-Back Guarantee.) We pledge that 
any unit we advertise is in stock at one of our 
warehouses at the original time of publica- 
tion. However, they are subject to prior sale, 
so act now! 
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ULTRASONIC 


INSPECTION SERVICE 


A COMPLETE SERVICE PROVIDING 

DAY TO DAY ULTRASONIC TESTING 

FOR THE DETECTION OF FLAWS IN 
MATERIALS. 


FIELD TESTING SERVICE 
LABORATORY TESTING SERVICE 
CONDUCTED BY SPERRY ENGINEERS 
LOCATED THROUGHOUT THE 

COUNTRY. 
Descriptive literature available. 


Sperry FProducts, Imc. 
DANBURY, CONNECTICUT 
LIST NO. 206 ON INFO-COUPON PAGE 171 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


ee Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 


Numbers. May be used 
freehand or mounted on 
bench clamp. 
OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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SOUTHWESTERN 


METAL 
EXPOSITION 


May 9 to 13, 1960 


Automobile Building 
State Fair Park 
Dallas, Texas 


Floor plans available for 
third Southwestern exposi- 
tion selling to industry in 
Texas, Oklahoma, Louisi- 
ana, New Mexico, Colorado, 
Arizona, California and 
neighboring states. 


For a copy of the floor plans 
or other information about 
this important METAL 
EXPOSITION in a section 
of the country where indus- 
try is growing most rapid- 
ly, write... 


American Society 
for Metals 


7301 Euclid Ave., 
Cleveland 3, Ohio 
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AS 
| 
arr. 


them on a regular schedule. 

1 Lower initial cost 

2 Elimination of failures 

3 Faster, more even heating 

4 Quantity discounts earned on 
your total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 


1127 Buchanan St., Rockford, Ill. 


How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 


_Demagnetizing 
Problems 
with 


MAGNETIC ANALYSIS... 


Eclipse Fuel Engineering Company 


PRESSED STEEL POTS 


Use 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your maintenance and 
in-progress inspections. SPOTCHECK'’S complete 
SK-3 kit is portable; no other equipment needed! 


NEW! NONFLAMMABLE 
PUSH-BUTTON EASE 


FLEXIBILITY . . . Use on tools, ports, 


machinery, etc. 


LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 
Why use higher priced substitutes? 


COMPLETE SK-3 KIT ONLY 


MAGNAFLUX CORPORATION 

7328 W. Ainslie Ave., Chicago 31, Illinois 

O Please send___SK-3 kits @ $36.00 each 
plus $1.00 each packing and shipping. 

O Send FREE bulletin only. Includes low 
SPOTCHECK material prices. 

Nome Title 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


FIND CRACKS 
QUICK! 


potcheck 


“SPRAY-ON" 


MULTI-FREQUENCY EQUIPMENT 


An eddy current tester with six inspection 
methods operating simultaneously — for high- 
speed, non-destructive testing of non-ferrous 
and non-magnetic tubing, bars and wire from 
1%” to 3” diameter. Detects both surface 
and sub-surface flaws, and variations in 
chemical, physical and metaliurgical prop- 
erties at speeds of 200 to 600 ft./min. 


Dye Penetrant 
inspection 


WIRE ROPE EQUIPMENT 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


U.S.A. only 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


Plus $1 for pack- 
ing and shipping 


Address 


City. Zone. State 
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MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 


42-44 Twelfth St., Long Islond City 1, M. ¥. 


@ Now with TENSILKUT, whatever 
your testing methods or materials, you 
can have perfect precision machined 
physical test specimens in less than 
two minutes. 
@ TENSILKUT precision machines all foil, film, sheet 
and plate metals trom .0005” foil to .500” plate. Hard 
001 stainless steel foil to soft 2” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates 
in .500” plate, are machined with specimen configura 
tions accurate to + 0005". Machined edges are com- 
pletely free of cold working or heat distortion and 
require no hand finishing 
@ TENSILKUT table and floor models are available with 
motors from 2 to 2% h.p. Write for tree brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 
LIST NO. 131 ON INFO-COUPON PAGE 171 


Measures Nonmagnetic 
Coatings with 
+5% +.0001” accuracy 


NEW 
pocket-size 
Thickness 
Gauge 


ELCOMETER measures thickness of por- 
celain enamel, paints, platings, foils, glass, 
paper, plastics, and other nonmagnetic 
coatings quickly and accurately. Gauges 
flat or curved surfaces and hard-to-get-at 
spots easily. Needle locking device assures 
correct reading every time. Complete with 
tough leather case, containing inner pocket 
for test strips, and carrying harness. 
Weighs only 6 oz. 


FREE TRIAL. Ask your purchasing 
agent to order an Elcometer on trial 
basis. Retail price, F.O.B. Cleveland. 


ONLY 


$78.75 


‘FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 
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Solve Teens Kur 
‘ CALL YOUR DISTRIBUTOR or Mail 
Check or P. 0. with Coupon Today! 
“THE TEST TELLS” PA 
Bompany Details Write: 
~ 


LIST NO. 135 ON INFO-COUPON PAGE i71! 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never in 
ACCURACY AND 
CONSTANCY of cali- 


bration . . at the 
standard 3000kg test 
load .. . maximum 


error plus or minus 
kg 

Write for Bulletin 
No. A-18 


GRIES INDUSTRIES, INC. 
Testing Machines Division 
NEW ROCHELLE 3.N Y 


NEW IDEA 


ARCOS 
Heat-0-Coil 
resistance wire 
insulated 
with ceramic beads 
© Low cost @ Easy to apply @ Ideal 


for field use @ Uses standard welding 
equipment. 


Write for bulletin 


ARCOS CORPORATION 
1500 $. 50th St., Philadelphia 43, Pa. 
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You can read temperatures 


instantly with the 


— ETER __---- 


direct-reading 
two-color pyrometer 


For flowing, moving or 
stationary objects 


SHAW INSTRUMENT CORPORATION 
49 Verona Road, Pittsburgh 21, Pennsylvania 
LIST NO. 205 ON INFO-COUPON PAGE 171 


gain from # block 
at 2.25 me. arta clearly resolves 
foh 4%" below surface at 2.25 me 
3 : infinite cholce 

me ond 10.0 mec. 


x 11% x 20% 3§ Ibs. 


nplete, ready to use, 
cor — 750. Plug-in Flaw 
ptionc $225. 


B anson 
BROWN HOUSE ROAD, STAMFORD, CONN. 
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Send for new 
bulletin that 
gives detailed in- 
formation on 
this unique in- 
strument. 


pecializing in U 


| Metals for 
Supersonic Aircraft 
jand Missiles 


AS 


New ASM Book based on 
the 1957 Albuquerque Con- 
ference on Heat Tolerant 
Metals for Aerodynamic 
Applications sponsored by 
the American Society for 
Metals and the University 
of New Mexico. 


This is a book for the designer 
and the metallurgist who 
must have an increasingly 
effective partnership to 
achieve urgent aircraft and 
missile goals. It is a book 
for specialists in— 


aerodynamics 

ceramics and cermets 
electronics 

heat flow 

high temperature proper- 
ties 

lubrication 

material procurement 
mechanical structures 
thermodynamics 
protective metallic coatings 
® vibrations 


This complete documenta- 
tion of the problems facing 
metallurgy and design, fab- 
rication and testing, this 
study of progress to date, 
should be in your library 
for study and reference use. 
It is a new, up-to-the-min- 
ute, authoritative book— 
order now. 


$7.50 Postage Paid | 
203 illustrations 
432 pages an 


6” x 9” 
red cloth binding | 


Technical & Engineering Book Information Service 

| 7301 Euclid Avenue, Cleveland 3, Ohio 
| Please send ____ copy(s) of | 
*'Metals for Supersonic Aircra and Missiles"’ | 
| Bill me © Bill my firm | 
| 
| 


| Enclosed is: () Cash () Check () Money Order 
Send me the new ASM Book Catalog 

| Name 

Street 

| City and State 

| Firm 
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SUB-ZERO NOW ... AUTOMATION 
low temperature equipment IN METALLOGRAPHY 


“PDM” 
SAMPLE 
MOVER... 


PREGRINDS 
AND 
POLISHES 
6 SPECIMENS 
Simultaneously! 

= 

@ shrink fits 1.5 and 6.5 cu. ft. capacities. = 
@ seasoning Sturdy, all-steel cabinet con- i 

gauges Write for literature describing this 

@ precision struction. Sublids for constant d h od " hi 

tools inside temperature. Adjust- 

@ laboratory able temperature controls. 


testing Special accessories available. 
WILLIAM J. HACKER & CO., Inc. 


Write to: CApital 6-8450 


For more information— P.O. Box 646 — WEST CALDWELL, NJ. 


Deerfield, Michigan 
Specialists in Trend-Setting Refrigeration LIST NO. 219 ON INFO-COUPON PAGE 17! 
LIST NO. 200 ON INFO-COUPON PAGE i171! 


<= Specialists in All Phases of 
Since 1923 METAL CLEANING EQUIPMENT 


DEGREASERS AGITATING WASHERS PICKLERS 
PHOSPHATIZING WASHERS @ ALKALINE WASHERS 
FLOW COATING SYSTEMS © "SPOTLESS" DRYERS 
OVENS bd ULTRASONIC CLEANING EQUIPMENT 


We will be happy to send a sales engineer to help you with any metal 
cleaning equipment problem. Complete information on request. 


@ CIRCO-SOLV (Trichlorethylene) 
PER-SOLV (Perchlorethylene) 


any surface! 


The New WIRETEX Model B-1 TRAY for 
pusher and horizontal type furnaces is 
designed to cut “moving” costs. Tapered 
runners permit riding over the roughest 
surface and obstructions freely. Compact! 
Rugged arc (not pressure wel ) welded 
construction assures a long life under the 
highest temperatures. 
+ Standard units: 34” long, 22” wide, 6” 
verre high. Other sizes, all metals and alloys 
5 Mason Street, Bridgeport 5, Conn, °vallable. 

Call WIRETEX for all your heat treating 
Sp lists in Pr 4 Carriers Since 1932. fixtures, and save. 
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We are justly proud of our 
reputation for solving tough ~~ 
problems, of our application 
procedures for electro depo- 
sition of gold and gold alloys, 

and the development of our 
superior soluble precious met- 

als, among which are: 


INDUSTRIAL 
24 Kt GOLD 


(aqueous) the world’s purest soluble 
gold, specified and used by many 
leaders in the Missile, Atomic and 
Electronic fields. 


OROSENE 999* 
24 Kt Acid 
Bright Gold 


The first NEW development in gold 
electroplating in over 100 years. It 
produces electroplates both hard 
and ductile using ONLY ONE addi- 
tion agent operating at room tem- 
perature under POSITIVE and simple 


control. +x Patent Pending 


H.G. BRIGHT 
23+ Kt GOLD 


The only bright gold operating with 
less than 1/10 ounce free cyanide 
per gallon at room tempercture, 
offering variable hardness to fit 
your specifications . . . at @ non- 
premium price. 


RHODIUM 
SULPHATE T.P. 


A superior rhodium concentrate of 
high purity offering low stress 
deposits and tight grain structure. 


Full information on these superior sol- 
uble metals is available upon request 

. also the complete resources of our 
laboratories, and the most experienced 
Precious Metal Plating metallurgists in 
the world are at your service, without 
obligation. Phone, TWX, wire or write. 


Chicago Office 
7001 North Clark Street 
LIS! NO. 218 ON INFO.COUPON PAGE 17! 
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| MOVE IT FASTER 
— Technic. 
Ic 


METAL PARTS 
CLEANING“ 
PROBLEMS 


Get the answers RIGHT 
from RAMCO’S 
new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 
3-dip degreasers can 
solve your metal 
parts cleaning prob- 
lems, economically, 
efficiently, safely! 


Write today! 
AMCO EQUIPMENT CORP. 


OlV. OF RANDALL MFG. CO., INC. 
Rd., New York 39, N.Y. 
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Whitelighe 
MAGNESIUM 


your RODS dia. to 61,” dia. 
BARS, STRIPS .022” min. to max 
SHAPES .022” min. to 61” 


TUBING ” to 6” 0.0. 
HOLLOW SHAPES |,” to6:.” circle 
PLATE & SHEET 092” to 3” thick 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N = = Warsow, Ind. 
Los Angeles Warehouse: 6601 Telegraph ‘Rd. 
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MINILOAD TESTER 
FOR V 
AND 
HARD 


STANDARD 
HARDNESS TESTERS 
for ROCKWELL 

and 
BRINELL TESTS 


OPTO- METRIC TOOLS, INC. 


137 mr VARICK STREET, NEW YORK 13, 
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MARKING 


Rubber type, 
logos and dies. . 
imprinting units 
for rounds or 
sheets .. . for in- 
line marking of 
moving stock. 


3967 FORBES ST. 


for any product! 


Steel stamps, dies and 
machines for marking 
round, flat or con- 
toured products .. . 
production marking 
machines for high- 
speed automatic lines. 


& Co 


THE CYCLOGRAPH, (Model C) 


. for unscrambling 
metal mixups 


This instrument permits truly high speed, non- 
destructive sorting of raw, semi-finished or 
finished parts by their metallurgical characteristics. 
With the new Automatic Sorter Unit, speeds up to 
300 pieces per minute are possible with the use 
of suitable feeding equipment. Used by leading 
industrial firms everywhere. 

Englewood 3 


Be Ww. DICE co. New Jersey 


© ‘“‘Non-destructive Testing and Measuring Instruments” 


In Canada: Tatnall = easuring and Nuclear Systems 
Lid., Toronto 


LIST NO. 50 ON INFO-COUPON PAGE I7! 


make hardness tests. / 
ANYWHERE. 


TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

@ TEST ANY SIZE, SHAPE OR TYPE METAL 

® NO SKILL REQUIRED 

© SCALE READINGS IN ROCKWELL & BRINELL 

ACCURACY GUARANTEED 


NEWAGE INDUSTRIES, INC, 


222 York Road heint: Pennsylvania 
TUrner 48494 Dept. MP 
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Applies 1 to 10,000 gram 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 


CLIFTON NEW JERSEY 
LIST NO. 53 ON INFO-COUPON PAGE 171 


QUEOUS SYSTEM 


Eliminates RUST 
& 
Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 


LIST NO. 105 ON INFO-COUPON PAGE 171 
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| 
alley. 
ie of ALLOYS 4 4 4 
AZI0 
| 
: also available. | 
ZK60 
| 4 
\ 
Write for information and literature —indicating product to be marked, 
| MATTHE w | 
LIST NO. 166 ON INFO-COUPON PAGE 171 
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~ FORMED 
SHAPES 


Reduce your assembly problems and costs. 

shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


MAIN ANG PLANT 


3761 OAKWOOD AVE. YOUNGSTOWN, OHIO 
LIST NO. 101 ON INFO-COUPON BELOW 


IDENTIFY PARTS 
FOR HEAT 
TREATING! 


PAINTSTIK MARKERS 
“M” and “M-10" 


Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or water quenchings. Use “M” u 

to 1600° F., “*M-10” up to 2400° F. 


WRITE ON LETTERHEAD FOR complete 
Paintstik intor mation. 

MARKAL COMPANY 

3118 West Carroll Ave. Chicago 12, ill. 
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Metal Progress is now 
in its seventh year as 
one of our clients 


The Eastman Editorial Research Service is a 
critical and advisory service to publishers 
for the sole purpose of developing and main- 
taining better readership. 


Exclusive to one publication in a field. 


Use of the Eastman service by Metal Progress 
is an implied guarantee to its readers of 
continuing editorial progress. 


The Eastman Research Organization 
500 5th Avenue © New York 36, N. Y. 
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WRITE, WIRE or PHONE ARC ETCH ANY METAL 
FOR YOUR CATALOG OF ANY HARDNESS— Quickly 


Tolley 


with THE 


ACTOGRAP PEN 


Only the ACTOGRAP metal etching pen has all of 
these features 
e Freedom from me- 
chanical vibration 

@ Short, powerful, con- . 
tinuous arc—will etch | 
hardest metals rapidly 

© Does not heat up = 
@ Light and smalil—can 
be used like a fountain 
pen 

© Operates optionally on 
battery or conventional 
AC current 

@ Depth of etch can be 
regulated by an exclu- 
sive selection switch 


‘ealy 


wiht, OF 
Cau FoR 


screws have 
clean—bright—shiny—heads 


Sran srain.ess scarw co. 
> 647 Union Bivd., Poterson2,N. J. 
— Telephone: CLifford 6-2300 
Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone 5-3660 
LIST NO. 99 ON INFO-COUPON BELOW 


CORROSION § 
RESISTANT § 
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STOP CARBURIZING, 
SCALING DURING 
HEAT TREATMENT! 


HEAT-PROOF 
COATING 


Ma rkal 


“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 

WRITE ON LETTERHEAD FOR complete 

Coating information. 


MARKAL COMPANY 3118 West Carroll Avenue ¢ Chicago 12, Illinois 


LIST NO. 212 ON INFO-COUPON BELOW 
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Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


(Please check) 
Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 


(Bulletin Board Item Number) 


OOOO0 


Your Name Title 

c 

Street 
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THE METAL THORIUM 
A unified collection of new data 


The Metal Thorium is an information-packed 
volume for designers, metallurgists, researchers, 
students and workers in the dynamic field of nu- 
clear engineering and science. Under the precise 
supervision of Dr. Harley A. Wilhelm, Associate 
Director, Ames Laboratory (former ASM Trustee), 
and through close cooperation with the Atomic 
Energy Commission, this is a unified collection of 
detailed information on both the fundamental 
scientific and the technological and engineering 


SHORT-TIME, HIGH-TEMPERATURE TESTING 


A dramatic unveiling of new equipment and current developments 


The use of structural materials in high-speed 
aircraft and missiles has created a new field of 
testing . . . new techniques and methods that more 
accurately determine design requirements. This 
book reveals data on the most recent of these tech- 
niques and methods . . . offering previously un- 
measurable properties of common structural metals. 
Techniques and results are reported as integrated 
accounts allowing systematic and logical 
arrangement of information. Each technique can 


POWDER METALLURGY IN NUCLEAR ENGINEERING 
An invaluable reference to today’s powder metal advances 


Almost without exception, the work described in 
Powder Metallurgy in Nuclear Engineering was 
sponsored by the Atomic Energy Commission. 
Excellently organized by Henry H. Hausner, Con- 
sultant to Sylvania-Corning Nuclear Corp., this 
volume is an invaluable reference for those who 
are acquainted with today’s powder metal advances, 
and also for those who are now becoming involved 
with the tremendous potential of this essential 
aspect of metals technology. 


METALS FOR SUPERSONIC AIRCRAFT AND MISSILES 
Dealing with the thermal thicket concisely and comprehensively 


This important new book is the most complete 
collection of scientific and engineering information 
on what happens to metals in air vehicles and 
missiles during high-speed flight. In twelve chapters 
and five appendices, twenty-two authors deal with 
the metals problems that will determine the rate 
at which these new vehicles and missiles can be 
developed. Dealing primarily with the thermal 
barrier, the thermal thicket, this book emphasizes 
the need for study of environments formerly un- 


WHICH OF THESE NEW BOOKS SHOULD 
YOU HAVE FOR REFERENCE AND STUDY? 


aspects of thorium. ... truly a comprehensive study. 

Today, the importance of thorium lies not only 
in its impending exploitation as a source of energy, 
but also in the inevitable numerous and varied, new 
and broader industrial applications certain to be 
created. Learn all that is new about this essential 
metal. Order your copy, for reference and study, 
today. $10.00—397 pages—6x9—red cloth—185 
illustrations. 


be analyzed; all techniques can be compared. 

This is a valuable book for test laboratory, 
structural and metallurgical engineers, and de- 
signers and thermodynamicists. It is the only book 
available on this new realm of testing and offers the 
combined knowledge of eleven authors . . . each 
an authority in his field. Don’t delay, order your 
copy now. $6.00—137 pages—6x9—red cloth—illus- 
trated. 


Fifteen outstanding chapters include such vital 
topics as New Methods of Powder Metallurgy, 
General Metallurgical Problems in the Design of 
Nuclear Reactors, Alloying by Powder Metallurgy, 
and Safe Handling of Pyrophoric and Radioactive 
Metal Powders. For all that is known and for all 
that is new in powder metallurgy for nuclear engi- 
neering, send for your copy today. $8.50—275 pages 
—6x9—red cloth—illustrated. 


known or of only theoretical interest. It emphasizes 
that rapid advances in development of vehicles and 
missiles have made it urgently necessary to learn to 
cope with these environments. 

This complete documentation of the problems 
facing metallurgy and design, fabrication and test- 
ing, this study of progress to date, should be in 
your library for reference and study. $7.50—432 
pages—6x9—red cloth—illustrated. 


ORDER NOW — POSTAGE PAID 


| ASM Technical and Engineering 

| Book Information Service NAME... 

| 7301 Euclid Avenue, Cleveland 3, Ohio 

| Please send copy(s) of: TITLE eit 

| The Metal Thorium @ $10.00 ea. 7) COMPANY 

| Short-Time, High-Temperature Testing @$6.00ea.[] 
| Powder Metallurgy in Nuclear Engineering @ $8.50 ea. 
| Metals for Supersonic Aircraft and Missiles @$750ea.[) #= 
j Bill me: Bill my company: 


ZONE... 


Check here for free ASM book catalog. ( } 
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AVESs 


small 


quantity 


hydrogen 


economically 


Available for the first time—from the nation’s packaged generator leaders—a complete 
line of fuel reforming type hydrogen generators — from 250 cfh to 5000 cfh of highest purity gas. 
These compact units are designed and built to give limited hydrogen users a most efficient hydrogen 
supply. For special catalog, further information, write today to Gas Atmospheres, /nc., 20017 
Lake Road, Cleveland 16, Ohio. For representative nearest you consult Chemical Engineering 
Catalog or Refinery Catalog. 


ORIGINATORS AND LEADING PRODUCERS OF PACKAGED GAS GENERATOR SYSTEMS gas 


AUGUST 1959 


| 
a = 
i‘i 7, 4 
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pass operation, 


instrumented furnaces at the 


J&L Pittsburgh Works bar mill provide ac- 


FORGING QUALITY HOT ROLLED BARS 


carefully programmed to achieve optimum 


a 
E 
v 
jo} 
= 
a 
£ 
~ 


size is performed in a multi 


bar quality. 


- 


Hot flame scarfer removes surface imperfec- 3” x 3” steel billets emerge from the bilict mill Forging quality hot rolled bars leave the 
tions from the bloom to assure top quality steel to this cooling bed where they are tested by J&L bar mill on this runout table. They are 
billets, basic raw material for the bar mill. metallurgists for product uniformity. inspected for accuracy of section. 


res Refrigerator cam shaft, forged from a 57/64” Automobile transmission part, forged from a Automobile steering knuckle support is 
a oF coarse grained C-1117 square, has a perfect 2%” round, has exact balance of properties that forged from 1-15/16" J&L round. AISI 
i mee balance of properties for long, hard usage. helps reduce production cost. AIS! Grade 4027. Grade 1340. 


J&L Forging Quality Hot Rolled Bars are carefully detailed for precise balance of chemistry 


a and physical properties to meet your special requirements. As an integrated producer, J&L 

é: ; combines control of raw materials with the special facilities and successful production experience 
oe that are necessary to provide exactly the right forging quality steel for any application. A field staff 
7 ; of J&L metallurgical consultants will work with you to determine the steel which will best serve 
t your particular requirements for forging, machining and end product use. The consultant then 
% us works directly with the J&L mill to obtain a forging steel that is tailor-made for your operation. 


Simply call your local J&L district office for a preliminary discussion, or you may write directly 
to Jones & Laughlin Steel Corporation, 3 Gateway Center, Pittsburgh 30, Pennsylvania. 


Jones & Laughlin Steel Corporation 


PITTSBURGH, PENNSYLVANIA 
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} 
2 
~ 
i 
if 
= 


METALS ARE OFTEN 
THAN ONE 


SPRING TEMPERED 
STAINLESS CLAD COP 


... between the 
Limitations of Single Metals with 
GENERAL PLATE CLAD METALS 


The performance of a single 
metal will go so far .. . but 
frequently not far enough. 
And to bridge the gap be- 
tween the limitations of 
single metals and the desired 
results, clad metals are used 
to obtain the requirements, 
or to do the job better... 
often at lower cost. That’s 
why manufacturers of all 
types of products turn to General Plate for reeommenda- 
tions on their metal requirements. For instance . . . for 
electrical spring manufacturers, General Plate has 
developed: 


Bronco*, phosphor bronze double-clad on copper to pro- 
vide higher electrical conductivity without increasing 
cross-sectional area of spring blades. 


Conflex* hardenable steel clad on one or both sides with 
sheet copper to obtain a superior spring material with 


You Can Profit 
with General 
Plate Products... 


better electrical conductivity and greater strength — at 
lower cost — than comparable copper alloys. And the 
copper surface is excellent for electroplated finishes. 


Spring Tempered Stainless Clad Copper for spring blade 
service in applications requiring high electrical conduc- 
tivity and excellent resistance to various types of cor- 
rosion. 


If you are seeking metals with useful characteristics that 
can’t be found in a single metal or alloy, investigate clad 
metals. If you want stronger or lighter components — or 
better electrical and mechanical properties — or fewer 
corrosion problems — or if you are interested in conserv- 
ing critical metals or reducing parts costs, you can profit 
by using General Plate Clad Metals. 


Write for a General Plate catalog today. Or better yet, 
why not talk over your requirements with a competent 
field engineer. His knowledge of the applications of clad 
metals is yours for the asking. No obligation, of course. 


*Reg. Trade-Mark U.S. Pat. Off. and Foreign Countries 


METALS & CONTROLS 


308 FOREST STREET ATTLEBORO MASS. USA 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


GENERAL PLATE DIVISION: Ciad Metals + Electrical Contacts + Truflexs. Thermostat Metal + Platinum Metals « Reactor Metals « Radio Tube & Transistor Metals 
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FLUSHING 


Now, one grade of trichlor does both 


Whether you clean a rocket or degrease a gear, you can now use Nialk® metal 
degreasing grade trichlorethylene as your cleaning agent. 

This grade of Nialk meets rigid government and industry standards for 
solvents used to clean rocket and missile components. It leaves little or no 
residue when it evaporates. At the same time, it keeps the above-average chem- 
ical stability needed for vapor degreasing. 

The savings in this twofold use of one grade of trichlor can be readily seen. 
Now you can: 

Cut your inventory and make your buying easier. 


Avoid errors. No one can pick the wrong drum when you're buying just one 
grade of trichlor. 

Make your materials handling easier. 

Help end your disposal problems. Usually you can use the Nialk trichlor 
from your flushing operation in your vapor degreasing operation without distill- 
ing, or the solvent can be recovered and used again and again. 

STABILITY WITH psp 

You get pSp too, when you ask for Nialk trichlorethylene. psp is “permanent 


1959 


POR DEGREASING 


Staying power,” the ability of the stabi- 
lizer to keep from wearing out. 

You can get more information on this 
metal degreasing grade of Nialk trichlor. 
Just write for specifications and data. 


HOOKER CHEMICAL 
CORPORATION 


408 UNION STREET 
NIAGARA FALLS, N.Y. 


CHEMICALS 
PLASTICS 


Sales Offices: Chicago, Detroit, Los 
Angeles, New York, Niagara Faille, 
Pnhiladeiphia, Tacoma, Worcester, Mase. 


In Canada: Hooker Chemicals Limited, 
North Vancouver, B. C. 
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HONEYCOMB INSPECTED 
ULTRASONICALLY! 


Curtiss-Wright is ultrasonically inspecting honey- 
comb with successful results. Our technique com- 
pletely scans panels up to twelve feet wide, achieves 
high speed and provides an instantaneous per- 
manent record. 


Let us help you evaluate the application of this 
technique to your honeycomb quality control problem. 
Write, wire or phone for consultation with a Curtiss- 
Wright engineer today. 


DEFORMED CELL LEGS CELL LEGS CUT CORE CRUSHING ALLOY BARRIER 
INSUFFICIENT ALLOY 
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PRINCETON DIVISION A 


Gamma and X-ray Equipment, — 
Ultrasonic Testing Equipment, — 
Temperature indicating Paint, — 


Studies and Training 


CORPORATION + PRINCETON, N.J 


in Canada contact CANADIAN CURTISS-WRIGHT LIMITED, 1980 SHERBROOKE STREET WEST, MONTREAL, P.Q., CANADA 
In countries other thon U.S.A. and Canada contact 
EXPORT DIVISION, CURTISS-WRIGHT CORPORATION, 50 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 


Wear of Metals 


Digest of “Wear of Metals”, 
by F. T. Barwell, Journal, Insti- 
tate of Metals, Vol. 86, February 
1958, p. 257-269. 


ANNUAL FINANCIAL LOSSES due 
to metal wear must be very sub- 
stantial in any highly industrialized 
country. It is a problem now being 
attacked vigorously in a number of 
laboratories. This paper reviews 
current progress of one of the larg- 
est British groups located at the 
Mechanical Engineering Research 
Laboratory, near Glasgow. 

Rolling Contact — Ball bearings 
operate under conditions of pure 
rolling where no wear should occur. 
Yet failure by pitting is common. 
The life under given circumstances 
shows considerable statistical spread 
but there is a general relationship 
with load. The origin of the pitting 
is clearly connected with high elastic 
stresses in the surface layers. Never- 
theless, it is not simply a problem in 
mechanical fatigue because lubri- 
cants have a marked influence on 
its incidence. The reason for this 
is not clear. The lubricant may 
affect the stress distribution over a 
contact zone. Alternatively, a cor- 
rosion fatigue phenomenon may be 
partly involved on which the lubri- 
cant has an influence. 

Scuffing — A machine has been de- 
vised which enables the investiga- 
tion of the early stages and progres- 
sive growth of scuffing damage. The 
lubrication of surfaces subjected to 
intense pressures is being studied. 
It is believed that some slight elastic 
deformation of even the most rigid 
surface may occur. This may mod- 
ify the hydrodynamic conditions to 
prevent actual metal-to-metal con- 
tact. Electron microscope investiga- 
tions give evidence of plastic defor- 
mation of the scuffing track even in 
hard steels. 

Torn patches of transferred ma- 
terials are usually present on scuffed 
surfaces. This is attributed to the 
development of high temperatures 
at the points of contact causing local 
welding. But this cannot be the 
full story. The transfer can occur 
even under substantially hydrody- 
namic conditions of lubrication. 

Fretting Corrosion—The first 
stage of fretting appears to be a 
plucking type of wear producing fine 
metallic particles. These oxidize in 
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GAS gives us 


the controllability, 


cleanliness, economy 
and speed we demand” 


A. O. Smith Corporation 


Lengths of oil well casing are in production at the 
A. O. Smith Corporation in Milwaukee. They are being 
stress relieved in a gas furnace. 


Gas has proved best on A. O. Smith's production line 
because of its cleanliness, controllability, speed and 
economy. Gas gives nearly 50% reduction in cost over 
their previous fuel, and carbon spots have been elimi- 
nated. There are three pre-heat furnaces that heat the 
pipe to 1650°-1750°, depending on the size of pipe. 
Three re-heat furnaces bring the temperature back up 
before quenching. 


A.O. Smith also produces auto frames, pressure vessels, 
glass lined farm storage units and tanks, glass-lined gas 
water heaters and furnaces. Throughout their opera- 
tions, gas is installed as an integral, indispensable part 
of their production lines. 


For information on how gas can help you in your pro- 
duction operations, call your gas company’s industrial 
specialist. He'll be glad to discuss the economies and 
superior results you get with modern gas industrial 
equipment. American Gas Association. 
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Automatic protection 
against temperature damage 


Just as a fuse protects electrical circuits against overloads, the Alnor 
Pyrotac automatically protects furnaces, kilns and other heating equip- 
ment against damage due to excessive temperatures. 


This low-cost, easily installed instrument can be added to any auto- 
matic or manually controlled equipment and give continuous protection 
..-Safeguard your investment in equipment, controls and material in 


Highest Alnor quality throughout, the Pyrotac features Alnico magnet, 
double air-gap movement that is standard in all Alnor pyrometers... 
laboratory precision...industrial ruggedness which assures top reliability. 

Write today for complete details on the Pyrotac, available in eight 
scale ranges from 0-600° F. and 0-3000° F. Ask for Bulletin 2002. 
Illinois Testing Laboratories, Inc., Room 523, 420 North LaSalle St., 
Chicago 10, Illinois. 


INSTRUMENTS 
FOR EVERY INDUSTRY 


Wear of Metals .. . 


the presence of oxygen. The major- 
ity of the resulting debris cannot 
escape and so gradually increases in 
volume. This finally results in the 
separation of the two metal com- 
ponents. Milling of the oxide debris 
then enlarges pits in the two sur- 
faces. The phenomenon may there- 
fore be classified as one of wear in 
which the effects of air or other 
environment is of particular im- 
portance. This conclusion has led 
to experiments which indicate that 
the type and nature of the oxide on 
a surface has a vital influence even 
in simple sliding. 

It is concluded that the study of 
any wear problem should be pre- 
ceded by an analysis of the dynamic, 
geometric, kinematic and metallur- 
gical factors involved. The metal- 
lurgical structure may be of great 
importance. It is likely that each 
phase in a microstructure makes its 
own contribution to a wear process. 
L. E. SAMUELS 


Strength of 
Spot Welded Joints 


Digest of “Static Strength of 
Spot-Welded Joints”, by A. N. 
Dorofeev, Avtomaticheskaya 
Svarka, Vol. 9, 1956, No. 2 
(7), p. 58-66; Henry Brutcher. 
Translation No. 3802. 


IS TRANSLATION gives an insight 
into current Russian interest in 
adapting mathematical methods to 
the evaluation of stresses in special 
joints. The translation reports a sig- 
nificantly more basic approach to the 
determination of stress distribution 
in a weldment than has been noticed 
in reading through English-language 
welding journals. 

It is common design practice to 
consider that static loads on spot 
welded joints are evenly distributed. 
Justification for this incorrect as- 
sumption has been that although ini- 
tial stresses on the individual welds 
may be nonuniform, elastic and 
plastic strain applied to the joint 
will equalize weld-shear stresses. 
It can be shown, however, that with 
joints containing more than two rows 
of spot welds, the shear stresses in 
the spots are severely nonuniform. 
This uneven stress distribution exists 
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Hot-Dip Galvanizing 
Replaces Painting 


...and Proves A Life Preserver 
For Highway Life Guards 


It is estimated that road building to the extent of six billion 
dollars will make 1959 the biggest highway construction year 
since Congress, in 1956, authorized the 41,000 mile interstate 
highway system. 


Last year, as a part of this continuing program, 11 miles 
of hot-dipped galvanized guard rail were installed on the 
Pennsylvania Turnpike near Somerset, Pa. The rail was gal- 
vanized after fabrication and delivered to the site as needed. 
Under normal conditions, construction crews installed an 
average of 3000 feet per day. For complete protection against 
atmospheric corrosion, galvanized bolts were used to fasten 
the rails in place. This type of double faced guard rail has 
become increasingly popular especially on older highways 
where narrow medial strips are a hazard. 


Noteworthy is the proven fact that the ultimate cost of 
hot-dip galvanizing is lower than painting because it eliminates 
the recurrent expense of re-painting. 


Here is an example 


The hot-dip galvanized bridge railing shown here was in- 
stalled on the Merritt Parkway near Milford, Conn. in 1938. 
In the ensuing 20 years it has retained its appearance and 
strength without painting. This is just one of the many in- 
stallations where galvanized steel is saving the nation's High- 
way Departments millions of maintenance dollars every year. 
Thanks to the protective zinc coating, galvanized highway 
structurals are immune to atmospheric corrosion and fk. ve 


the added advantages which the inherent strength of steel 
provides, 


. ASTM SPECIFICATIONS ST. JOSEPH LEAD COMPANY 
Steel products to be galvanized after fabrication, and ap- 
proved for installation on inter-state highways, are covered 250 Park Aven 
by ASTM Spec. A123 and apply to: we 
© Bridge Structurals © Fence Posts © Rocker Plates New York 17,N. Y, 
© Decking and Railing © Sign and Reflector © Guard Rails 
© Grating Supports © Lighting Standards 


@ Expansion Plates 
NOTE: ASTM Spec. A123 corresponds in most cases to a simi- 
lar specification of the American Assoc. of State Highway 
Officials, e.g., ASTM A123 is the same as AASHO Spec. 
M111-55. 
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Flexograin phosphor bronze 


Uniform, fine-grain Riverside phos- 
phor bronze—Flexograin—is made 
even better through Riverside’s exclu- 
sive continuous-casting process. 


Riverside continuous casting elimi- 
nates porosity and assures a dense, 
homogeneous material that responds 
more readily to forming and develops 
uniformly high fatigue properties not 
attainable with ordinary phosphor 
bronze. 


And Flexograin, being of a naturally 
finer grain structure, maintains the 
ductility and smoothness of finish that 
are unattainable with ordinary phos- 
phor bronze strip. 


Send for free Technical Bulletin 
describing Flexograin and its advan- 
tages in your production. 

Write to Riverside-Alloy Metal Division, 
H.K.Porter Company, Inc., Riverside, N.J. 


Good riddance to “Swiss Cheese” 
castings! Riverside continuous-cast, 
dense bronze offers time savings through 
faster fabrication in addition to improved 
Product quality! 


RIVERSIDE-ALLOY PORTER METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION: Electrical Equipment — 

DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; Copper and Alloys—RIVERSIDE-ALLOY METAL 

DIVISION ; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—_CONNORS STEEL DIVISION, VULCAN-KIDD 

STEEL DIVISION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE 

DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, S. A.; and in Canada, Refractories, “Disston” 
Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD. 


Spot Welding . . . 


until fracture, and may cause unex- 
pected failure. 

The distribution of the static load 
between rows of spot welds can be 
most readily visualized by initially 
assuming unrealistic properties. If 
the sheets bonded together are ab- 
solutely rigid and the welds com- 
pletely elastic, a uniform distribution 
of shear forces in the spots may be 
obtained. If, on the other hand, the 
sheets are completely elastic and the 
spot welds absolutely rigid, the en- 
tire load will be taken by the outside 
rows of spot welds. Although 
neither assumption can be com- 
pletely true, the rigidity of spot 
welds in pure shear and the rela- 
tive deformation of the sheet metal 
under tension combine to force 
higher loads into the outer rows of 
spot welds. Therefore the assump- 
tion that the total load would be 
carried by the outer rows may be 
more nearly true than the assumption 
of even shear stress distribution be- 
tween the rows of spot welds. 

Under conditions of strain harden- 
ing, the outer rows of spots will 
absorb increasing shear loads right 
up to their fracture stresses. As a 
consequence, the breaking load in 
pure shear of a spot welded joint 
is determined primarily by the char- 
acteristic strength properties in the 
region of the outer row of spots, 

The exact distribution of shear 
loads between rows of spot welds 
would depend on the deformation 
characteristics both of the sheet ma- 
terial and of the welds. Calcula- 
tions for mild steel weldments show 
that components containing three 
rows of spots should have approxi- 
mately 74% of the static shear load 
carried by the outer rows of spot 
welds. When four or five rows are 
used, approximately 60% of the load 
is carried by the outer rows. When 
six or more rows of welds are used, 
the load becomes practically constant 
at 58%. 

Any repeated shear loading on a 
spot welded joint increases the 
rigidity of the welds because of strain 
hardening. This hardening effect 
increases the disproportionality of 
the loading on the outer rows of 
spots, and thus lowers the strength 
of the entire joint. The effect of 
repeated loading on weld strength 
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ceramic sic 


FROZEN 
LINING 


EE SILICON NITRIDE BONDED Sic 


MOLTEN CRYOLITE-ALUMINA MIXTURE 


ANODE 
(PRE-BAKED OR SODENBERG) 


MOLTEN ALUMINUM 


INSULATION 


Primary aluminum producers are now looking to silicon 
carbide refractories as a means of lowering costs and increas- 
ing output from existing pot lines. Here's how: 

Standard electrolytic reduction cells have long used 8 to 13 
inch-thick carbon-block linings to resist the action of the 
molten cryolite electrolyte, which rapidly attacks almost all 
materials. The use of silicon carbide promises a reduction of 
lining thickness to as little as 3’, resulting in greatly increased 
cell capacity. 

Key to the successful use of silicon carbide is its high 
thermal conductivity. This not only prevents the side walls 
from overheating but also protects the lining itself. Heat is 
conducted away so rapidly that a layer of electrolyte freezes 
on the lining surface, forming an effective barrier against 
attack and abrasion. 

Experience points to the use of the new silicon-nitride- 
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Change to silicon carbide linings 
promises higher output from 
aluminum reduction cells 


CARBORUNDUM 


Registered Trade Mark 


bonded silicon carbide, which has a particularly high resist- 
ance to chemical attack, for the more vulnerable spots, while 
the lower-cost conventionally bonded product can be used in 
other areas. 

Developments like this show how corrosive melts are 
frozen on Carborundum’s refractory linings to resist high- 
temperature attack . . . attack that quickly destroys most 
ceramic materials. If you have such a problem, perhaps one 
of Carborundum’s refractories can give you just the combina- 
tion of properties you need. 


Write today for your free copy of 
“Super Refractories by Carborundum.” 
The address: Dept. M-89, Refractories 
Division, Perth Amboy, New Jersey. 


Another industry development with Carborundum’ s refractories: 
| 
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SN A PRODUCT OF 


PRECISION PRODUCE 


CHICAGO TELEPHONE 
SUPPLY CORP., ELKHART, INDIANA 


Here’s an efficient little protective device for television 
circuits, manufactured by Chicago Telephone Supply Cor- 
poration. The Tubesaver consists principally of a thermistor 
in the line circuit to eliminate the current surge when the 
set is turned on and a thermo-delay bimetal switch in the 
B+ circuit which remains open until the tubes are fully 
warmed. The design of the bimetal element permits the set 
to warm up 15 to 45 seconds before the plate voltage is 
applied. Such protection has led some of the manufacturers 
to increase warranty time on all of the components, as the 
Tubesaver eliminates the damaging electrical surge on cold 
tube filaments, and prevents “cathode stripping” by allow- 
ing a slow warm-up. 


The fantastic growth of the television industry, with millions 
of sets being produced each year, with constant improve- 
ment in design and quality, yet with generally lower and 
lower costs to the consumer, is a concrete tribute to the 
engineering, development and production genius of the 
manufacturers. We’re proud to point out that Chace has 
kept pace with the best in the industry, providing the 
precious bits of thermostatic bimetal which actuate such 
devices as the Chicago Telephone “‘Tubesaver.”’ Our third 
of a century of experience in the creation of such critical 
elements is one of the most important qualities you get in 
Chace Thermostatic Bimetal, second only to the unvarying 
precision of our alloys, our bimetal combinations and our 
fabricating of the elements, strips or coils we make to your 
specifications. 


If you have a new temperature responsive product or one 
in the “thinking” stage, send for our booklet, ‘Successful 
Applications of Chace Thermostatic Bimetal.” It contains 
many pages of useful engineering data and design infor- 
mation on our more than 30 different types of bimetal. 


W. M. CHACE CO. 


1626 BEARD AVE., DETROIT 9, MICH 
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characteristics should be determined 
experimentally. 

The mathematical derivations re- 
ported in the translations are brief 
and difficult to follow. However, 
the final equation for the determina- 
tion of stress in the end-rows of 
spots is directly usable within the 
limits of elastic strain, and can be 
applied with slight modifications to 
conditions of plastic strain. 

D. W. GroBECKER 


Stress-Relieving Welded 
Specimens 


Digest of “The Influence of 
Stress-Relieving on the Initi- 
ation of Brittle Fracture in 
Welded Plate Specimens”, by 
R. Kennedy, British Welding 
Journal, Vol. 4, November 1957. 


ECAUSE there is much controversy 

over the correlation between 
small-scale tests of the notch ductility 
of steel and service conditions, this 
study used large plate specimens. 
In cooperation with the British 
Welding Research Assoc., this pro- 
gram was conducted in the research 
laboratories of Colvilles, Ltd. The 
objective was an investigation of 
conditions for initiation of brittle 
fracture in 3 ft. square specimens 
(1 in. thick) having a central longi- 
tudinal butt weld with a saw-cut 
notch defect at its midpoint. Tests 
were designed to determine the 
effect of various stress-relieving 
treatments on the applied stress re- 
quired for fracture initiation. 

Mild steel plate, containing 0.18 
C, 0.54 Mn, 0.019 P, 0.033 S and 
0.04 Si, was chosen for the test 
specimens. A double-V, with a 
70° over-all bevel from both sides 
using a %-in. land and gap, was 
chosen for the butt weld joint. Ru- 
tile-type electrodes were used for all 
welds while the results were altered 
in some cases when low-hydrogen 
electrodes were chosen for the first 
pass only. Testing temperatures 
were generally —8° C. (18° F.) 
with low temperatures of —22, 
—25, —50 and —56°C. (—8, 
—14, —58 and —68° F.) achieved 
when necessary to effect fracture. 

Different treatments tried were: 

Furnace Stress-Relief — For stress- 
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THE QUALITY NAMES IN ALLOY FOR HEAT CORROSION ABRASION 


NATIONAL ENGINEERING 
SERVICE on 


Heat and Corrosion 
Resistant Castings 
and Fabrications 


General Alloys Company products 

are backed by a national engineer- 
ing service offering unexcelled me- 
chanical and metallurgical Heat and 
Corrosion Resistant Alloys for all 


Defense and Industrial applications. 


‘There is no substitute 
for Experience”’ 


405 WEST FIRST STREET 


HEAT & CORROSION RESISTANT CASTINGS” 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BAKER, La. 
Cross Sales Engineering Co. 
Box 


413 North Charles Street 


AL New York 
Gen Alloys 


Buffalo 23. N.Y. 
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TUNGSTEN CARBIDE hard-facing 


AT HIGH SPEED+-LOW COST 


Deposit efficiency over 90% ~- Finishing time cut as much as 80% 


Now anyone can apply these extremely hard coatings in pow- 
der form with the Metco ThermoSpray Gun—closely control 
deposit thickness. This, plus the smooth surface, reduces fin- 
ishing costs to a minimum. Set-up is quick and easy. High 
8 application and high deposit efficiency lower labor and 
material costs, make these tough, durable surfaces econom- 
ically feasible for either custom-built or mass-produced parts 
subject to extreme service conditions. 

The Metco ThermoSpray Gun is light in weight, can be hand- 
held or machine mounted, requires only oxygen and acetylene 
for its operation—also sprays ceramics (alumina and zirconia) 
and other metals in powder form. 

Bulletin 139 covers full details, shows typical parts being spray 
hard-surfaced. It’s free for the asking. 

The names Metco and ThermoSpray are Reg. U.S. Pat. Of. 


Metallizing Engineering Co., Inc. 


1183 Prospect Ave., Westbury, L. |, New York + cable: METCO 
In Great Britain: Telephone: EDGEWOOD 4-1300 
METALLIZING EQUIPMENT COMPANY, LTD.— Chobham near Woking, England 


INDUSTRIAL GAS 
BURNERS & FURNACES 


Using Only Low Pressure Gas 


| heats like... 1 


‘ For heat treating and pre-heating. 
Temperatures to 2000° F. 


Write today 
for compiete 
“BUZZER” 
CATALOG” 


For cyanide, salt bath and lead 


ATMOSPHERIC POT FURNACES 
hardening. Temperatures to 1650° F. 


Est. 1911 
>>, 


CHARLES A. HONES, INC. 


123 So. Grand Avenue, Baldwin, L.I., New York * BAldwin 3-1110 
“BUZZER” Burners & Furnaces for Heat Treating, Melting, Soldering 
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Stress-Relieving . . . 


relieving of local welding stresses, 
the specimens were heated to 650° 
C. (1200° F.), held for 1 hr. and 
cooled in still air. This proved to 
be the most effective treatment. 

Low - Temperature Stress - Relief 
—In this process, two bands were 
heated, one on each side of the weld, 
to about 200°C. (390°F.) while 
keeping the weld relatively cool. 
This was accomplished by travers- 
ing two oxy-acetylene burners along 
a 4-in. width on each side of the 
weld at a speed of 10 in. per min. 
A 4-in. center width containing the 
weld was unaffected. Water sprays 
cooled the plate immediately behind 
the advancing torches. 

While this procedure was partially 
successful in reducing brittle frac- 
ture, it was not as effective as ther- 
mal stress-relief carried out at 650° 
C. (1200° F.). 

Mechanical Straining — This pro- 
cedure applied a load until yielding 
(approximately 0.12% plastic ex- 
tension) had occurred over the full 
section of the specimen. The load 
was applied after heating the speci- 
men to 30 to 50° C. (85 to 120° F.) 
(above the brittle transition tem- 
perature for the steel). 

Somewhat inconclusive when 
compared with untreated as-welded 
specimens, this method miay be 
effective but is impractical for large 
weldments. 

Preheating and holding the inter- 
pass temperature at 200°C. (390° 
F.) and during welding was of 
no value. Nor was the treatment of 
plates heated to 250°C. (480° F.) 
and held for 4 hr. at this tempera- 
ture after welding of any value. 

Local Heating of the Weld Re- 
gion— This was a_ post - welding 
treatment after the specimen had 
cooled. The weld was reheated 
to about 650° C, (1200° F.) by oxy- 
acetylene torches applied simulta- 
neously to both sides of the weld. 
Heating was rapid and _ tempera- 
tures were estimated. This method 
was also ineffective. 

The investigators conclude that a 
major factor governing the initiation 
of brittle fracture in a welded struc- 
ture is the residual stress arising 
from the welding process. Stress- 
relieving treatments provide safe- 
guards against the initiation of such 
failures. The more effective the 
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gUZZER | 
a for Clean, Fast, Quiet Heat-Up at Lowest Cost! 
BENCH TYPE OVEN FURNACES 
- 
|| 


Dynamaster Electronic Potentiometer Pyrometer—Strip-chart 
model records on chart 11” wide, 120’ long. 


Bristol Millivoltmeter Py- 
rometers—Free Vane* py- 
rometer controllers 
(shown) or indicating 
types. Many control 
modes available. 


Miniature Electronic Dy- 
namaster Pyrometer—Re- 
cords on 3” strip-chart. 
indicator mode! features 
easy-to-read 9” scale 


Dynamaster Electronic Potentiometer Pyrometer — Round- 
chart model records on 12” chart, indicates on extra large 
scale. 


MODERN PYROMETERS...key to profitable use of HEAT 


Bristol recording and automatic controlling pyrometers for temperatures up to 
5000°F can help you increase product uniformity, cut fuel and maintenance costs 


Bristol makes a wide range of pyrometers for every require- 
ment: Electronic potentiometers, millivoltmeter and radia- 
tion types ... for furnaces, ovens ... every type of heating 
equipment, every kind of fuel. The reliability and accuracy 
of these precision instruments have been proved in thousands 
of installations. 

Take just one advanced Bristol instrument, for example, 
the Electronic Dynamaster* Potentiometer Pyrometer: 


CONTINUOUS STANDARDIZATION PLUS 
ACCURACY OF STANDARD CELL 


Continuous standardization in Dynamaster Electronic 
Pyrometers requires no dry-cells, but still retains the pre- 
cision standard cell for highest stability and accuracy of 
voltage reference. Results: No interruption to operation, no 
batteries to change. And here are just a few of the Dyna- 
master types available: 


A model for every requirement: Dynamaster Pyrometers 
are available as single-pen, two-pen, and multiple-record (up 
to 24 points) strip-chart instruments and as round-chart 
instruments. 


Electric and pneumatic controllers: Both strip- and 
round-chart instruments are made in a very wide variety of 
controllers that meet every furnace and oven control require- 
ment, including the following in a great many forms: 


Electric Control—on-off, proportional input, 3-position, pro- 
portioning, proportional with automatic reset, and time- 
program. 


Pneumatic Control—on-off, proportional, and proportional 
with reset. 


Miniature Dynamaster Pyrometer: Full plug-in flexibility 
... takes only 5” x 54%” of panel space, but has aame basic 
accuracy, same time-tested operating principle as full-size 
Dynamaster pyrometers described above. Ideal for graphic 
panels and centralized recording or indicating of large num- 
bers of variables. Either electrical or pneumatic control 
types available. 

Write for complete data on Bristol Pyrometers—and re- 
member Bristol offers a complete line of thermocouples and 
pyrometer accessories. The Bristol Company, 106 Bristol 
Road, Waterbury 20, Conn. *T7.M. Reg.U.S. Pat.Of. 


R ! L ... for improved production through measurement and contro! 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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You Get Better Results | Stress-Relieving . . . 


IN stress-relief, the greater the safety 
afforded. Furnace treatment at 
HEAT TR EATING! 650° C. (1200° F.) is most effective 

e and practical while local redistribu- 
tion of residual stress is moderately 


@ Use the NIAGARA AERO HEAT beneficial. 


EXCHANGER to control the temper- 
i ature of your quench bath and you re- 
L move the heat af its rate of input, always Low-Temperature 
quenching at the exact temperature that Hi h | 5 | 
will give your product the best physical igh- mpact teels 
properties. Digest of “Some Aspects of 
The Niagara A H E : mpact Steels”, by W. A. Koppi, 
ero Heat Exchanger the temperature of all fluids, gases, Co. few 
transfers the heat to atmospheric air, water, oils, solutions, chemicals York, presented at the A.I.M.E. 

Electric Furnace Steel Con- 
air by evaporative cooling. It ex- for processes and coolants for me- ference, Pittsburgh, December 
tends your quenching capacity chanical and electrical equipment. — 
without using extra water. It pays You get closed system cooling, free ne A.S.T.M. has classified four 
for itself with water savings. from dirt and scale. grades of ferritic cast steels ac- 


cording to the temperature at which 
they retain an impact strength of 15 
ft-lb. as measured with the Charpy 


N A G A A B L W R C oO M A N keyhole-notch test specimen. This 


You can cool and hold accurately Write for Bulletins 120, 124, 132 


Dept. MP-8, 405 Lexington Ave., New York 17, N. Y. Classification is shown for a plain 
carbon steel, a carbon-molybdenum 
District Engineers in Principal Cities of U. S. and Canada steel, and two grades of nickel steel, 


all of which are normally considered 
for low-temperature service. 
Regardless of which grade the 


melt shop may be called upon to 
make, four major considerations are 


always given to the melting practice 


employed: residual gases, metal 
cleanliness, deoxidation practice, and 

Any form of impurities accumu- 


lated along the grain boundary re- 
duce the impact strength. Oxides 
present in steel can be exogenous or 
indigenous, depending on_ their 
source. All products of deoxidation 
are classified as indigenous inclu- 
sions, while oxides that are not an 
inherent product of the steelmaking 
process, such as entrapped refrac- 
tory particles, are classified as ex- 
ogenous inclusions. 

To minimize these inclusions for 


About Hardness Testing met 


Everything you need to know about 
hardness testing is told in this handsome 
book, prepared by the makers of the 
internationally respected CLARK 
Hardness Testers for “Rockwell Test- 
ing.’ Simple, easy-to-read text (in 


English) and numerous illustrations show the equipment the production of clean steels, the 

and procedure for fast, accurate hardness testing of ferrous following practices should be con- 

: and non-ferrous materials. If you would like a copy, free of sidered: (a) clean furnace bottoms, 

charge, just attach this ad to your letterhead or write (b) low FeO content in the final 

i” “Send book.” A copy will be mailed to you promptly. slag, (c) a high residual manganese, 

‘4 P.S. If you are interested in descriptions and prices for (d) proper deoxidation, (e) a good 

CLARK Hardness Testers (Standard and Superficial) of guar- refractory program, and (f) a well- 
ie anteed accuracy, say the word and we'll gladly supply them. adapted pouring practice. 

) Steels deoxidized with large addi- 

enfaid CLARK INSTRUMENT INC. tions of aluminum gave a higher 

10202 Ford Road © Dearborn, Mich., U.S.A inclusion count for a manganese- 
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perfection is demanded, 
films. That’s because ANSCO films offer a 

Pr “ANSCO ‘A’. It’s a fast, fine grain 


SCO SUPERAY ‘C’ offers high speed and 
Try these 

Y.. A Division of General Aniline 
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for any requirement 
in Protecting Tubes 
it’s 


the largest 
variety 


In size and length, in iron, nickel, 
and alloys, and in formed or pre- 
cision drilled, Gordon has about 
the largest variety of thermocouple 
protecting tubes. And you get off- 
the-shelf delivery on most any of 
this great variety of “standard” 
tubes. Gordon also makes protect- 
ing tubes to specifications for 
special requirements. 

Give Serv-Rite a trial on your 
next protecting tube requirements. 
You can’t go wrong. Careful manu- 
facture and rigid inspections assure 
satisfaction. Get full information 
today. Ask for Bulletin 11-13. 


@ Bulletin 11-13 gives general applica- 
tion data, specifications, and ordering 
information on Serv-Rite protecting tubes 
and protecting wells —the largest group- 
ing in one listing. 


6221 


CLAUD S. GORDON CO. 


Manufacturers Engineers+ Distributors 


613 West 30th St., Chic 16, Wl. 
2021 Hamilton Ave., Clev 14,0 
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High-Impact Steel . . . 


silicon ratio of 3:1 than when the 
addition of aluminum is small. A 
combination of deoxidizers, for in- 
stance, manganese and aluminum 
together, is more effective as a de- 
oxidizer than when used _ individ- 
ually. This illustrates how steels 
can be deoxidized to low levels of 
oxygen and still remain relatively 
clean. 

After the chemistry is adjusted 
and the heat is at the desired tap- 
ping temperature, furnace deoxida- 
tion proceeds by addition of the 
following deoxidizers in the sequence 
listed: 

1. Siminal (20% Si, 20% Mn, 
20% Al). As an initial deoxidizer, 
3 lb. of Siminal per ton of metal 
charged is added. 

2. Ferromanganese as required. 

3. Ferrosilicon as required. 

The taphole is plugged with a bur- 
lap bag to hold back the slag so that 
it will not interfere with ladle de- 
oxidation. When the ladle is ap- 
proximately two thirds full, high- 
purity aluminum eyebars are plunged 
into the molten metal, 2 Ib. of alumi- 
num being added per ton of steel 
tapped. When heats are to be 
shanked, an additional 1 lb. of 
aluminum per ton of metal is added 
to the metal stream in the form of 
high-purity aluminum shot as the 
shank ladle is filled. 

Results of two heats of steel de- 
oxidized by the factors described 
show impact tests of 28 to 34 ft-lb. at 
—50° F. for the plain carbon steel 
and 31 to 35 ft-lb. at —75° F. for 
carbon-molybdenum steel. The two 
nickel steels show good impact prop- 
erties down to —100 and —150° F. 

E. C. Wricut 


Suort-Time, Hicu- 
TEMPERATURE TESTING 


Techniques and results reported 
as integrated accounts. Allows 
systematic and logical arrange- 
ment of information. Techniques 
can be analyzed and compared. 
Contains the most recent data 
available. 137 pages — illustrated 
—6 x 9—red cloth cover — $6.00. 
a and send to ASM Technical 
and Engineering Book Informa- 
tion Service, 7301 Euclid Ave., 
Cleveland 3, Ohio. 


LOMA 


MAKES THEM ALL 


COMBINATION ROLLING MILLS 


Our standard line of 
equipment includes: 
Casting Machines and Molds 
Saws and Cut-off Machinery 
Hot and Cold Rolling Mills 

Rod and Tube Draw Benches 
Roller and Stretcher Levellers 
Air and Hydraulic Tube Testers 


MACHINE MFG. CO., INC. 


114 East 32nd 
New York 16, 
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PRECISE | HARDNESS CONTROL 
to your specifications with 


J&L Cold Rolled Strip Steels 


Variations within standard commercial limits of hardness 
for strip steels may not provide the quality needed for 
most critical applications. 


At J&L the newest equipment and techniques are used to 
provide controlled hardness—to your specifications. 


Basic oxygen converters, high standard open hearth prac- 
tice and electric furnaces provide optimum melting con- 
ditions, new hot strip mills are specifically designed to 
produce the finishing temperatures needed for inherent 
quality. Cold mills, annealing and normalizing furnaces and 
other equipment are designed specifically for precision 
strip steel processing. 


With an organization experienced in specialized strip steel 


processing, your most rigid specifications can be met 
consistently. 


For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 


~ 
The small unit rotary annealing method assures precision temperature 


control and develops optimum hardness and microstructure for high 
carbon, low carbon and alloy strip. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


i 


a new dimension in 


INSTRON precision metals testing 


| 


Twinning 
in Face-centered 
Cubic Metal 


Recent studies of the deformation char- 
acteristics of copper single crystals at 4.2°K 
and 77.3°K were made on the Instron Uni- 
versal Tester equipped for low temperature 
testing. 

Special x-ray techniques were used to 
examine the tested samples . . . one of the 
results: mechanical twinning in face-centered 


cubic metal. 

This heretofore unproven fact is veri- 
fied in a 10-page, illustrated article on the 
testing of copper single crystals which is 
now available to you. Write 
for bulletin M-2 . . . it is one of 
many technical articles cover- 
ing all fields of testing now 


ready for you in reprint form. 


ENGINEERING CORPORATION 
2507 WASHINGTON STREET. CANTON, MASS. 
EUROPEAN OFFICE: SEEFELDSTRASSE 45, ZURICH, SWITZERLAND 


FLOOR MODEL INSTRON — full scale TABLE MODEL INSTRON — /ull scale 
load ranges: 2 grams to 10,000 pounds. load ranges: 2 grams to 200 pounds. 


Machining Beryllium 


Digest of “Beryllium Machin- 
ing Characteristics”, by Donald 
Walker, Mechanical Engineer- 
ing, Vol. 80, August 1958, p. 
57-62. 


AtTHovcn beryllium is readily ma- 

chined, certain precautions are 
necessary to avoid contaminating 
the atmosphere with toxic beryllium 
dust. One precaution is to use less 
cutting fluids. 

Recent experiments have shown 
that, in machining beryllium, chips 
are usually formed by a brittle-frac- 
ture process. Cutting speed, feed 
rate and tool geometry seem to have 
little effect upon the fracture, al- 
though surface finish and chip uni- 
formity improve with light feeds and 
high tool-rake angles. During the 
machining of beryllium, one meets 
such phenomena as surface crack- 
ing, stick-slip friction, and built-up- 
edge formation on the cutting tool. 

To determine the effect of ma- 
chining variables upon the beryllium 
oxide content of machining chips, 
tests were performed at various cut- 
ting speeds and effective rake an- 
gles. Data from these show that the 
oxide content of cutting chips is not 
strongly dependent upon either tool 
geometry or cutting speed. 

Contrary to available information, 
the depth of cut did not seem to in- 
fluence the number and severity of 
surface cracks remaining on the 
machined piece, although numerous 
cracks were found on all of the test 
specimens. 

The tool-chip interface tempera- 
ture increases rapidly with increasing 
cutting speed and less rapidly with 
increasing feed rate. At normal cut- 
ting speeds, tool-chip friction seems 
to be remarkably low, although this 
conclusion requires further study. 

The effect of cutting speed and 
feed for finish-type cuts (feeds less 
than 0.010 in.) on the life of Carbo- 
loy 44 A tungsten-carbide tools was 
determined by measuring the rate 
of land growth. (This is generated 
on the clearance or flank face of the 
tool.) A relation was established be- 
tween the tool life and cutting speed. 
Tool life is about the same as it is in 
machining steel, and greater than it 
is for machining titanium alloys. 
Ceramic tool life was not evaluated 
but should be extremely good. 
A. J. SHALER 
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Physical tests at Standard in- 
clude those for special! proper. 
ties of steel alloys under extreme 
variations in temperature. 
Here, the strength and ductil 
ity of steel are being checked 
for resistance to stress under 
severe conditions of elevated 
temperatures over a prolonged 
period of time. 


Charpy impact and transition 
temperature determinations 
have recently assumed import- 
ance in many applications. Here 


a steel sample is immersed in 
liquid nitrogen to determine its 
susceptibility to fracture at tem- 
peratures as low as —300°F. 


Quality control—a vital activity at 
Standard Steel Works 


Every conceivable shop and laboratory test required for modern 
quality control can be performed by Standard’s staff of metal- 
lurgical technicians. Testing of incoming raw materials; physical 
property tests of steel and other alloys at temperatures from 
several hundred degrees below zero up to red heat; gas analysis, 
ultrasonic, X ray, magnetic particle, fluorescent penetrant and 
microscopic examination of finished products are routine checks 
which assure that the finished, delivered product will meet the 
most rigid specifications. Write Department 3-H for full details. 


Standard Steel Works Division 


BALDWIN :- LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings ¢ Shafts ¢ Car wheels © Gear blanks « Flanges * Special shapes 
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RICATION... 


PRECISION WELDMENTS 


The 40-Ton Press Bed, undergoing machining operations above, is 
typical of Mahon workmanship and capabilities in this field. It is one of 
thousands of Steel-Weld Fabricated parts and assemblies produced by 
Mahon for manufacturers of processing machinery, machine tools, and 
other types of heavy mechanical equipment. 

When your design calls for weldments of any kind, you, too, will want 
to discuss your requirements with Mahon engineers; because, in the 
Mahon Company you will find a unique source for weldments or welded 
steel in any form... a fully responsible source with a long and enviable 
performance record, and unusual facilities for design engineering, 
fabricating, machining and assembling. 


See Sweet's Product Design File for information on Facilities, or have a 
Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY e¢ Detroit 34, Michigan 


SALES-ENGINEERING OFFICES in DETROIT, NEW YORK, CHICAGO and LOS ANGELES 


| 
| Fabricated and hined to Specificati 
| nd Machined to Specification! | 
| 
ep 
with 
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TEMPERATURES 


75 


ote cooling zone in atmosphere, it is equipped with pneumatically — 
lifted refractory baffle doors for temperature uniformity. 


MOLY FURNAGES 2000 


As furnace operating temperatures rise above 1300°C a few of many furnaces that have been built by Harper 
(2350°F approx.), problems multiply. For example: for high temperature applications. Among others are 
e® What is the best combination of atmosphere and graphite tube models which perform with creditable 
heating elements to obtain results desired? success at 2750°C (5000 'F approx.). 
@ What refractories will prove most practicable from No matter what type of furnace you have in mind — 
the standpoint of process, economy and service? box, pusher, mesh belt, roller hearth, bell, elevator or 
e Are purge chambers desirable or necessary? pit— Harper can supply it to operate most advan- 
® How should purge chamber doors be built to insure tageously both temperature-wise and dollar-wise. 
atmosphere-tight operation? For more information, talk to your Harper repre- 
When should automatic gas purging and automatic sentative or write: Harper Electric Furnace Corpora- 


door sequence control be provided for quality, safety tion, 40 River Street, Buffalo 2, N. Y. 
and economy? 


© How should refractory baffle doors, roofs and hearths 
be constructed? FLECTRIC 
It takes experience to come up with the most profit- 
able answers to questions like these in any given 
situation ... and Harper has experience to spare. The FURNACES 
four molybdenum heated units pictured above are but 


FOR BRAZING. SINTERING. WIRE ANNEALING, BRIGHT ANNEALING, FORGING AND RESEARCH 
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, many 1250 fuel pellets pir hour in hydrogen atmosphere, this. at temperatures“as high 1600°C, this 
Harper continuous pusher furnace is equipped for semi-automatic operation at tempera. single-ended botch furnace heats moly billets (up 
__ tures up to 1750°C. Designed for gradual heating and cooling. Furnace has ed = 110 Ibs. /hr.) in @ hydrogen atmosphere. Ec 7 


ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 


with 
YOUNG 
BROTHERS 
OVENS 


designed and built 
for individual product 
and process requirements 


batch and conveyor types up to 1000° F 


Write for Bulletin 157 


YOUNG BROTHERS Co. 


1829 Columbus Road * Cleveland 13, Ohio 
Over 60 years of service 


JUST PUBLISHED 


Phase Diagrams for Ceramists: 
Part II 


ERNEST M. LEVIN and HOWARD F. Me- 

MURDIE. Edited and published by The 

American Ceramic Society, Inc., Columbus 

14, Ohio, 1959. 153 pp. $8. (Cash with or- 

der, postage prepaid.) 
This supplement contains 462 phase diagrams col- 
lected after those published in the Part I (1956). 
Diagrams cover (a) metal oxide systems, (b) systems 
containing non-metal oxides, (c) systems containing 
halides, sulfides, etc., and (d) water-containing sys- 
tems. Reflecting current interests, this issue contains 
many diagrams dealing with electronic ceramics and 
nuclear ceramics. Complete author and system indexes 
are given for the 1273 diagrams contained in the 
two volumes. fi, 


The 
American Ceramic 
Society, Inc. 


4055 North High St., 
Columbus 14, 


Chio 
Part | is available at $10. 


(Cash with order, 
postage prepaid). 


FAST, ACCURATE 


SULFUR 


TESTING 


with a 
DIETERT-DETROIT 
Sulfur Determinator 


Test for sulfur the modern 
easy way with a low cost 
Dietert-Detroit Sulfur Deter- 
minator. It's fast . . . much 
faster than the gravimetric 
method. It's simple . . . direct 
reading burette—no involved 
measuring or computing. It's 
accurate . . . correct analysis 
of sulfur content in scores of 


Dietert-Detroit Sulfur Determinator 
No. 3104, with combustion furnace. 


Ideal for testing these 

materials and many more! 

COAL / COKE / IRON / STEEL 
NON-FERROUS METALS 

STAINLESS ALLOYS 
MINERALS 

PETROLEUM PRODUCTS 
ORGANIC CHEMICALS 


Dube 
Send for calalog! 
Send for free catalog Fast, accurate carbon tests 


Describes the complete line of Dietert- made also with Dietert-De- 


Detroit carbon and sulfur determina- 
troit Carbon Determinators. 


tors, accessories and supplies. 
CONTROL 


HARRY W. DIETERT CO. caciement 


DETROIT 4, MICHIGAN 


9330 ROSELAWN 


Send me your latest Carbon-Sulfur Determinator catalog. 


COMPANY 
ADDRESS. 
CITY STATE__ 
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NEW 


LABORATORY FURNACE OVER Agog: 


Standard and custom units generating 
temperatures (over 4600°F) in oxidizing 
atmospheres are now available. 


Features: 
*Easy to maintain © Rugged 
¢ Simple to Operate Quiet 
*Low Heat Losses (cool outer shell) 


Applications include: 
Thermal Shock Testing (can be 
quench cooled) 
Melting Point Determinations 
High Purity Meits 
Sintering of High Temperature 
Materials 


The Hot Pot can be supplied with oxygen- 
acetylene or oxygen-natural gas burners, 


complete with necessary manifolds, 


gauges, etc., ready to operate. Many ac- 
cessories as heat shield, muffies, cruci- 


bles, setters, etc. are available from stock. 


OXIDES 


TEMPERATURE 
MATERIALS 


ZIRCONIUM CORPORATION OF AMERICA 
SOLON, OHIO 
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The Image of CFelI offers ... for every industry... 


Wissco Woven Wire Processing Belts 


The giant steelman reflects generations of steel-making 
experience that results in durable, more efficient steel 
products for industry. For processing and conveying 
purposes, CF«I-Wissco Woven Wire Metal Belts offer 
these advantages for friction or chain edge drives: 


Open Mesh—Allows free drainage—permits free air cir- 
culation for fast, uniform heating and cooling. 


Strength of Metal—Fabricated to specifications in plain, 
tinned, galvanized, stainless or special alloy steel, Wissco 
Belts provide long, trouble-free service. 


Corrosion Resistance— You can select a steel belt—high 
carbon, galvanized or stainless—which minimizes replace- 
ment costs and reduces maintenance. 

These advantages mean long operating life and increased 
production for you, and make Wissco Belts a “‘must”’ 
where temperature extremes and every day wear factors 
are severe. You'll find that Wissco Belts are ideal for 
baking, cooling, drying, degreasing, spraying and washing. 
If your operation uses temperatures 800° to 2100°F and 
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higher, specify Wissco Alloy Steel Belts. They are fur- 
nace-tested to assure dependable, smooth performance, 
and are excellent for annealing, hardening, enameling; 
sintering and similar operations. 


In addition, special alloy Wissco Lehr Belts with flat 
supporting surfaces are available for glass annealing and 
decorating. 


Call our experienced representative today for complete 
information on the Wissco Belt that will best fit your 
manufacturing process. And remember, Wissco Belts are 
usually shipped on reels for fast, simplified installation. 


wissco BELTS 


THE COLORADO FUEL AND IRON CORPORATION 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Denver and Ookland 
In the East: WICKWIRE SPENCER STEEL DIVISION—<Atlanta + Boston - Buffalo 
Chicago - Detroit - New Orleans - New York - Philadelphia 


CF&I OFFICE IN CANADA: Montreal 6782 
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where to go for 


special Colloidal 
special Graphite 


dispersions | 


steels 7 FOR THE METAL WORKING 


INDUSTRY 


TRY BOP —meccscch/ectmecnctal grade special GRAPHITE PRODUCTS CORPORATION 
alloy steels from Johnston & Funk—helping corporations quailty metal werlinn 
bridge R & D production gap. 
Close metallurgical control is exercised in producing ricants. Lubricants for titanium, mag- 
ingots (to 12” diameter), billets, bars, rod, wire, narrow nesium, aluminum and the new metals 
strip, foil, and special shapes to order. J & F's “Vacutrode”* es well os stecl, stainless steel, ond 
steels are either single or double vacuum melted and exhibit E 
closely controlled chemistry, low gas content, little or no seg- alloys. Lubricants for forging, extruding, 
regation, and extremely low non-metallic inclusion content. drawing, and other metal working op- 
For fast, flexible service and certified quality, turn to erations. Lubricants A 
J & F. Write for facilities brochure, catalog, prices, or 
arrange to meet J & F metallurgists. job. 
# Consumable electrode vacuum melted A qualified staff is available for spe- 


Johnston Pa Funk cialized development service. You are 


METALLURGICAL CORPORATION invited to submit your requirements. 
WEST KEMROW AVENUE, WOOSTER, OHIO There is of course no charge for this 
A subsidiary of Mallory-Sharon Metals Corporation service. 


Examples, inget, Bar, Billet, Red: Carbon steels, low alloy steels, low and high 
alloy bearing steels, high-speed steels, high-strength steels, high-temperature alloys, 
and stainless steels. 

Examples, Wire: Low alloy, high-strength steels and high-temperature alloys, pro- GRAPH ITE PR °o D U cTs CORPO RATION 
duced especially for the aircraft and missile industries, paying particular attention to 
high-surface finish and special packaging. BROOKFIELD, OHIO 


flame 


t NMR SERIES 
FURNACES 

Designed for heavy-duty serv- 
ice at high temperatures, these 
ae Non-Metallic Resistor Electric 

r Furnaces by Harrop cut opera- 
are ting time and expense . . . con- 
serve floor space . . . provide 
economical great flexibility of control. 


Pictured is the NMR-7-2214-CS, 
nd equipped for manual operation and 


JUST A FEW USES: 


Forging compound 


® High temperature 
lubricant 


Extruding compeund 
®@ Dry film lubricant 
® Parting agent 


Descriptive literature and 
working samples on request 


For Steady Service to 2800° F. and 
Intermittent Operation to 3000° F. 


a for automatic cycling. Temperature 
rovide and we = 
heats to the desired temperature, 

P eer holds accurately for the predeter- 
mined time . . . then shuts off. 


Specifications: setting space 7” wide 
by 9” deep by 82” high. . . outside 
dimensions 23” wide by 28” deep 
by 64” high. 3000° F. internal re- 
fractories. External blower for ac- 
celerated cooling. 8 KVA transformer, 
voltage adjustable from 55 to 230 
volts in 36 steps. Price: $1,240.00 
f.0.b. Columbus, including crating. 


Let us help you... from design Other Models with setting spaces up to 36” by 40” 


1 by 36”... all models with standard or optional 
to completed machine 
. Special furnace designs developed to meet your need. 
DETROIT f | For non-obligating recommendation, send informa- 
6 ame 


tion on materials, temperature range, heat control 
and firing objectives to Dr. Robert A. Schoenlaub, 
Technical Advisor. 


Jhardening co. 
17644 Mt. Elliott, Detroit 12, Michigan FURNACE 
Phone TWinbrook 1-2936 Dept. M, 3470 E. Fifth Ave., Columbus 19, Ohio 
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RULES FOR ENTRANTS 


Exhibitors do not need to 
be members of the American 
Society for Metals. 

Work which has appeared 
in previous metallographic 
exhibits held by the Amer- 
ican Society for Metals is un- 
acceptable. 

Photographic prints should 
be mounted on stiff card- 
board, extending no more than 
3 in. beyond edge of print in 
any direction; maximum di- 
mensions 14 by 18 in. (35 by 
45 cm.). Heavy, solid frames 
are unacceptable. 

Entries should carry a la- 
bel on the face of the mount 
giving: 

Classification of entry. 

Material, etchant, mag- 
nification. 

Any special information 
as desired. 


The name, company affilia- 
tion and postal address of 
the exhibitor should be placed 
on the back of the mount to- 
gether with a request for re- 
turn of the exhibit if so 
desired. 

Entrants living outside the 
United States should send 
their micros by first-class let- 
ter mail endorsed “Photo for 
Exhibition—May Be Opened 
for Customs Inspection”. 

Exhibits must be delivered 
before Oct. 15, 1959, either 
by prepaid express, regis- 
tered parcel post or first- 
class letter mail, addressed: 
Metallographic Exhibit 
American Society for Metals 


53 W. Jacksen Blvd. 
Chicago 4, Ill, U.S.A. 


METALLOGRAPHIC EXHIBIT 


Chicago, November | to 6, 1959 


All metallographers— 
everywhere— 


are cordially invited to 


display their best work. 


CLASSIFICATION OF MICROS 


Class 1. Cast irons and steels. 

Class 2. Carbon and alloy steels 
(wrought). 

Class 8. Stainless steels and heat 
resisting alloys. 

Class 4. Aluminum, magnesium, 
beryllium, titanium and their 
alloys. 

Class 5. Copper, nickel, zinc, lead 
and their alloys. 

Class 6. Uranium, plutonium, tho- 
rium, zirconium and reactor 
fuel and control elements. 

Class 7. Metals and alloys not 
otherwise classified. 


Class 8. Series showing transitions 
or changes during processing. 


Class 9. Welds and other joining 
methods. 


Class 10. Surface coatings and sur- 
face phenomena. 


Class 11. Slags, inclusions, refrac- 
tories, cermets and aggregates. 
Class 12. Electron micrographs. 


Class 13. Results by unconvention- 
al techniques. 


Class 14. Color prints in any of the 
above classes. (No transparen- 
cies accepted.) 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Congress 
management which will award a First Prize (a medal and blue ribbon) 
to the best in each classification. Honorable Mentions will also be 
awarded (with appropriate medals) to other photographs which in 
the opinion of the judges closely approach the winner in excellence. A 
Grand Prize, in the form of an engrossed certificate and a money 
award of $500 from the Adolph I. Buehler Endowment will also be 
awarded the exhibitor whose work is judged best in the show, and his 
exhibit shall become the property of the American Society for Metals 
for preservation and display in the Society’s national headquarters. 


All prize-winning photographs will be retained by the Society for 
one year and placed in a traveling exhibit to the various @ Chapters. 


4ist NATIONAL METAL CONGRESS & EXPOSITION 


AUGUST 1959 


INTERNATIONAL AUDITORIUM — — — CHICAGO — — — NOV. 1 to 6, 1959 
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completely 
equipped 


RESEARCH 
BUILDING 


From the company’s earliest beginning 
research has been traditional at The Electric 
Furnace Co. 


Now, our facilities are much enlarged. The 
entirely new building is 80 ft. wide x 180 ft. long. 
Equipment includes a continuous strip furnace 
suited for processing at various cycles; bell, wire 
mesh belt, batch and pusher furnaces, with and 
without forced circulation; vacuum furnaces for 
batch or continuous operation; endothermic and 
exothermic generators; ammonia dissociators; 
atmosphere refrigerators; adsorption type gas 
dryers; CO, scrubbers, and completely equipped 
chemical and metallurgical laboratories. 


to develop and test improved heat treating techniques 
benefitting all metal producers and fabricators . . . 


200 West Wilson Street 


View of One Bay in the New Research Building 
Showing the Continuous Strip and Bell Furnaces. 


From these new facilities will come improved 
techniques for treating familiar materials, and 
new techniques for treating the newer metals of 
the jet and space age;— also expanded testing of 
critical materials used in our furnaces, to main- 
tain our unsurpassed standards of quality and 
performance. 

As in the past, our research facilities will be 
available to metal producers and processors, for 
development and test work, conducted, if 
desired, in the presence, and with the assistance 
of your own technicians and production men. 

This completely modern laboratory is as 
close to you as your telephone. Feel free to use 
it frequently! 


THE ELECTRIC FURNACE CO. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Product, 


alem Chuo 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Torante 13, Ontario 


Using any Process, any Hourly Output, 


New 
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The fastest dissolving low-carbon ferrochrome for stainless steel 
is new SIMPLEX ferrochrome. Ideal for use during slag reduction or 
finishing, the alloy penetrates the slag easily and provides rapid 
cooling of the bath. Its carbon level is so low—0.010 or 0.025 percent 
maximum carbon—that additions generally lower the bath carbon 
content. And it is one of the lowest priced low-carbon ferrochromes 
available. 

ar ‘a Ask your UNION CARBIDE METALS representative for additional 
i information about this unique new alloy. 

UNION CARBIDE METALS COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 

In Canada: Union Carbide Canada Limited, Toronto. 


The terms “Electromet,”’ “Simplex,” and ‘Union Carbide” are registered trade marks of Union Carbide Corporation. 


For more facts on 
rapid solubility, 
write for this new 
six-page SIMPLEX 
ferrochrome folder. 


Electromet Brand Ferroalloys 
and other Metallurgical Products 


a2 “This new SIMPLEX ferrochrome melts like butter” 
TM Dr 
ore, 
UNION 
METALS 
> 


